
PRACTICAL 

PLANT BIOCHEMISTRY 





CAMBRIDGE UNIVERSITY PRESS 

C F CLAY, Mana(,t k 
LONDON FFUTR TANL F C' ^ 



LONDON H K LEWIS CO. L ( d , 
136. Gowm Sutet, W C, i 

LON 330 N WILLIAM WESLEY SON, 
28, Lsse\ Stieet, Strand, W C ? 
NEWlORK G P PUTNAM S SONS 
POM BAY 'I 

CAI.cn n A [• MACMILT.AN AND CO , Ltd 
MADRAS J 

rORONlO J M DENT AND SONS, Lrn 
lOKYO MARUZEN-KABUSIIIKI-KAISITA 


AI L RK.HIS RKSPRVI 



PRACTICAL 

PLANT BIOCHEMISTRY 


BY 

MURIEL WHELDALE ONSLOW ^ 

Formeily Fellow oi Newnham Collogue, Cambiidge, and Reseaich Student at 
the John Innes Horticultiiial Institution, Met ton, Siuiey 
Authoi ot The Anthoiyanin PtpnenH of- Plants 


(Seo ITo \ 'J 

^ li 

Bangalore. 


CAMBRIDGE 
AT THE UNIVERSITY PRESS 
1920 



2881 






PEEFACE 


T his book is intended primarily for siudonts of Botany Such a | 
student s knowledge of plant products is usually obtainod, on the 
one hand, from Organic Chemistry on tlie other hand, from Plant 
Physiology/betweun these twi) standpoints there is a gap, which, it fs 
hoped, the following pages may help to fill It is essentially a text-book " 
lor practical work, an aspect of Plant Biochemistry which has received up 
to the pres\:ait tim(‘ veiy little consideration m t(‘aching A number of 
experiments have been devised and have been actually tesl/od in piackcal 
classes These experlmoiiLs should enable a student to extract from the 
}>lant 1 liself the chemical compounds of which it is constituted, and to learn 
something of their properties An elementary knowledge of Oigauic 
Chemistry on the part of the student has been assumed, as it appeared 
superfluous to incorporate the material which has alieady been so amply 
presented in innumerable text-books 

My smeerest thanks arc due to Dr F. F BlaQ|<man, F R.vS , for criticism 
and many suggestions thioughout the writing of the book I arn fiiitlnu 
indebted to Mr H Raistrick, M.A , for help in various ways, especially m 
reading the proof-sheets I wish, m addition, to expiess my gratitiule to 
Professor F. G. Hopkms, F.R S , for the great interest he has always shown 
in the subject and for Ids kind and stimulating advice in coniK'xion with 
the scheme of teaching presimted in the following pag(*s 

M. W 0 


CAMBliinGE, 
February^ 1920 . 
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CHAPTER 1 


INTRODUCTION 

This cliapter hliould be re-read afler the I'emaiiiuig chajiters have been studied 

All plants are made up of a complex organized mixture of chemical 
substances, both organic and inorganic As a preliminary to the study 
of plant chemistry, the student should realize that the chemical 
compounds which make up the living plant may bo approximately 
grouped into the foui following classes Thus, in latei chapters, when 
reference is made to any plant product, it will be understood, broadly 
speaking, to which class it belongs, and what relationship it bears to 
other chemical compounds 

The mam classes may be enumerated as follows * 

(1) Carbohydrates Those contain only carbon, hydrogen and oxygen 
The simplest members are the sugars, which arc aldehydes and 
ketones of polyhydric alcohols of the methane senes of hydrocarbons. 
The more complex carbohydrates, such as starch, cellulose, dextrins, 
gums and mucilages, arc condensabion products of the simpler sugars 
The sugars are found m solution in the cell-sap of living cells throughout 
the plant. Cellulose, m the form of cell-walls, constitutes an important 
part of the structure of the plant, and starch is one of the most widely 
distributed solid reserve materials ” 

(2) Fats These also contain only carbon, hydrogen and oxygen 
Chemically they are glycerides, that is glycerol esters of fatty acids. 
These acids are derived from two series of hydrocarbons, i.e. the 
methane senes and the olefine senes, and they usually contain a large 
number of carbon atoms The fats occur as globules deposited in the 
cells, especially in the tissues of seeds where they form reserve materials, 
though they also occur in other parts of plants. The acid components of 
the fats are also found in the free state. 

The carbohydiates and the fats both belong to the aliphatic senes of 
organic compounds, that is to the series in which the carbon atoms are 
united in chains. 

(3) Aromatic compounds. These are characterized by having the 
carbon atoms united in a ring, as in benzene. They may contain more 
than one carbon ring, and, moreover, aliphatic groupings may bo attached 
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to the carboa i-ing as side-chains The iiumbei of aromatic substances 
IS very great, and every plant contains representatives of the class 
Some members are widely distributed , others, as far as we know are 
restricted in their distribution, and may be peculiar to an order, a genus 
or even a species This class contains the various phenols, i e hydroxy- 
derivatives of benzene, such as phloroglucm, and the corresponding acids, 
i e hydroxy-den vatives of benzoic acid, such as gallic and protocatechu ic 
acids Just as in the case\of the carbohydrates, where simpler compounds 
may become more compW by condensation, so the aromatic acids, 
aldehydes, and their derivatives may be condensed to form more complex 
substances, such as tannins Other members containing more than one 
benzene ring aie the water-soluble yello’w, red, purple and blue pigments 
of plants, the yellow being hydroxy-flavones and flavonols, the remainder 
aiithocyanins The simplest aromatics occur m true solution in the 
ccll-sap throughout the plant, and the more complex ones exist in the 
colloidal state 

Another section of aromatics is represented by the '‘essential oils'' 
They are heteiogeneous m chemical ^composition, though they are 
chiefly represented by the hydrocarbons of the terpene series They also 
include various alcohols, aldehydes and ketones They have no relation- 
ship with the true fats, but are responsible for many of the well-known 
scents of plants , as examples may be mentioned limonene in lemons, 
pinene in Conifers, borneol in Thyme and Rosemary, menthol m 
Peppermint and camphor in the Camphor tree {Laurus Gamphora) 

(4) Proteins This large class contains substances which are in many 
cases built up of groupings from both the aliphatic and aromatic series 
It includes not only the proteins but also their simpler derivatives, the 
albumoses, peptones and polypeptides In this case, as before, the simplest 
derivatives, known as the amino-acids, are synthesized by condensation 
to form the polypeptides, peptones, albumoses and proteins, in a series 
of increasing complexity. The amino-acids are compounds, either of 
the aliphatic or aromatic series, m which one or more hydrogen atoms 
are replaced by the radicle NHq They are soluble and crystalline, 
but after condensing together, the final product, the protein, only exists 
in either the solid or the colloidal state Proteins, in the latter condition, 
constitute the bulk of the complex material, protoplasm , in the solid 
state, in the form of grains and granules, they occur as reserve material 
in the cell. 

The above-mentioned classes will be dealt with in greater detail in 
the later chapters There are, of course, a large number of other 
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substances in the plant, some of which may be included with the above, 
while others form additional small classes, as for instance, the 
alkaloids others, again, boar no close relationship to any class, such as 
the all-important pigment, chlorophyll. 

In order to appreciate the subject of plant chemistry, the plant, 
which IS familiar as a botanical entity, must be interpreted in chemical 
terms. The principal classes of the more essential and widely distri- 
buted compounds found in plants have already been indicated on the 
broadest basis, so that" they may now be referred to without additional 
comment. 

From the botanical point of view, the plant may be regarded as a 
structure composed of many living protoplasmic units enclosed in cell- 
walls and combined together to form tissues. There are also certain 
tissues, known as dead tissues, which assist in giving rigidity to the 
plant All these stiuctural elements can be translated inLo terms of 
chemical compounds 

One of the chemical processes most frequently met with m the plant 
IS that of synthesis by condensation, with elimination of water, of largo i 
complex molecules from smaller and simpler molecules The formation 
of cellulose, for instance, is a case in point. Cellulose has the composition 
(C8HioOft),x and, on hydrolysis with dilute acids, it yields glucose as a final 
product Hence it is concluded that the complex molecule of cellulose is 
built up from the simpler carbohydiatc by condensation. The synthesis 
of pioteins from ainino-acids affords another example These aeids 
contain eitlier an aliphatic or aromatic nucleus (lot it bo K), and one or 
more carboxyl and amino groups. Condensation takes place in the plant, 
with elimination of water, according to the following schemo . 

Ri Ril Rm R« 

I I I .. I 

NHa CH—COOH H NH CH--~CO OH H NH CH -CO OH... . H NH • CH--COOH 

The products of such condensation, the proteins, vaiy among them- 
selves according to the number and kind of amino-acids which take part 
in the synthc'sis 

Two important i osults arise from this process. First, the substances 
formed by condensation have molecules of a very large size , secondly, 
whereas the simple compounds, sugars and amino-acids, are soluble, 
crystalline and diffusible, the condensation products are either insoluble, 
e.g. cellulose, exist m the colloidal state, as is the case of many proteins 
and other plant constituents As these very large molecules do not dialyze, 
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they remain where they are synthesized, and build up the solid 
structure of the plant, as for instance, the celhwalls 

Matter in the colloidal state is of very great importance m the plant 
and IS probably responsible for many of the properties of ‘^living’' 
material Thus it will not be out of place, though it will be referred to 
again in a later chapter, to make at this point a few remarks on the 
colloidal state It has been known for some time that certain metals, 
e g gold and silver, and also certain metallic hydroxides and sulphides, 
eg ferric hydroxide and arsenious sulphide, though insoluble m water 
undei ordinary conditions, can, by special methods, be obtained as 
solutions which are cleai to the unaided vision Such solutions are 
teimed colloidal Investigation has shown that the inattei is not present 
in true solution, but in a very iinely divided state, i e as particles many 
times larger than simple molecules, but smaller than any particles obtain- 
able by mechanical means of division. Such solutions are known as 
artificial colloidal solutions, but there are a number of organic substances, 
with very large molecules, such as proteins, starch, gums, agar, etc , which 
at once dissolve in water giving colloidal solutions The mam fcatuie of 
the colloidal state is that the system consists of two phases, or conditions 
of matter In the case of the artificial colloidal solutions first mentioned, 
one state is solid, the gold particles, the other state is liquid, the water 
The solid is known as the dispersed phase, and the water as the continuous 
phase, and such colloidal solutions are termed suspensoids In the case 
of proteins, starch, etc, both phases are liquid the dispersed j)hase, 
a concentrated solution of protein, etc ; the continuous phase, a 
dilute solution of protein, ebc Such colloidal solutions are known as 
emulsoids 

An important point in connexion with the colloidal state is that the 
molecules, or aggregates of molecules, forming the disjiersed phase are 
so large that they exhibit some of the phenomena of surface energy, 
electrical charge, etc., associated with matter in mass These properties 
come to be of considerable importance, when we consider how largo 
a surface is presented by matter in this state in comparison with its 
mass 

A material in the plant upon which much interest naturally centres 
18 the protoplasm and its nucleus It has been shown that the protoplasm 
consists, chemically, largely of proteins in the colloidal state. It is itself 
a liquid, and embedded m it aie substances of various chemical constitu- 
tion, m the form of granules of solid matter and also liquid globules 
Numerous chemical reactions are continually taking place in the 
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protoplasm throughout the cell, and since many of these reactions can 
take place both simultaneously and independently, the protoplasm must 
have some form of organized structure Though many phenomena of '' life ” 
may be accounted for by the physical and chemical properties of such 
substances as proteins, it is impossible to say, with our present knowledge, 
how far all “living” phenomena may yet ho explained in this way 

Some of the main lines of metabolic syntheses which take place in 
the pliant will next be considered A fundamental fact which should be 
borne in mind is that the green plant synthesizes all the complex 
materials of which it is composed from the simple comjioiinds, carbon 
dioxide, water and certain inorganic salts. The most important iactor, 
perhaps, which figures in plant metabolism, is chlorophyll. The green 
pigments of chlorophyll are esters of complex organic acids containing 
the elements carbon, hydrogen, oxygen, nitrogen and magnesium They 
have the remarkable power of absorbing the radiant energy of the sun's 
rays and of transforming it into chemical energy, by means of which 
carbon dioxide and water arc combined to form some oigamc compound, 
possibly formaldehyde, from which a simple carbohydrate is readily 
synthesized 

If now the initial and final products of carbon assimilation be 
consideied in detail, it will be seen that the process is one of reduction: 

ecOa-f 6 H 2 O = CoHjgOe + 60^ 

This is confirmed by the fact that oxygen is evolved in the process. 
Moreover, the plant accumulates a store of energy, since the final 
product, the carbohydrate, has a higher potential energy than the system, 
water and carbon dioxide. Hence carbon assimilation, in addition to 
providing a basis of organic material as a starting-point for all the main 
metabolic functions, also provides a source of chemical energy by means 
of which reactions m other directions arc brought about. 

The setting free of this accumulatod energy constitutes the process 
of respiration, which is, in reality, an oxidation of carbohydrate taking 
place in tissues throughout the plant. It is the converse of carbon 
assimilation, m that oxygon is absorbed and carbon dioxide and water 
are formed Thus tliese two processes, both so fundamental and essential 
to the metabolism of the green plant, arc constantly taking place side 
by side in fhe same coll 

The fi[rst-formed carbohydrate, which is probably a hexose, is 
condensed in the plant, on the general lines we have previously indicated, 
to form more complex disaocharides a<nd polysaccharides, such as maltose, 
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cane-sugar, starch, cellulose, etc. Some of these products, such as the 
disaccharides, form true solutions and may be present in th<' cell-sap , 
others, such as cellulose and starch, are present in the solid state, thougli 
they contain considerable quantities of watei Others, again, sueh as 
dextrin and gum, are present in the colloidal state Thus, given an 
initial carbohydrate and a source of encigy, we may proceed to indi(*iil.(> 
the other mam lines of syntheses in the plant 

The next most important line of syntheses is probably that which 
gives rise to the mtrogen-containmg constituents of the plant. Ni trogi'H 
IS absorbed by the green plant in the form of nitrates and auimoiiium 
salts, but the processes which lead to the synthesis of some of tli(> 
simplest mtrogen-containmg compounds, such as the amino-acids, are still 
very obscure Aliphatic and aromatic acids of various kinds niv 
abundantly present m the tissues, but the reactions by which th(‘ Nil, 
poups are introduced are by no means clear. There is little doubt, 
lowever, that once the ammo-acids are formed, condensation takes place 
as already indicated, and more complex molecules, termed polypeptides, 
anse. Such poljqieptides have now been synthesized artificially by the 
condensation of ammo-acids From the polypeptides, by further stages 
of condensation, the albumoses. peptones, and finally proteins are 


.pother hne of syntheses is that which loads to the production of 
the fats and allied substances. The fats are mainly glycerides of acids 
of the methane and olefine senes, such as butyric, palmitic and oleic 
acids. Like ail other plant pioducts the fats must either directly or 
indirectly arise from the carbohydrates. There is evidence tliat the 
origin IS fairly direct, as, for instance, in fatty seeds when the hits take 
e place of sugars in ripening. The sugars, as we know, arc ah I eliyi h ‘.s 
of the po yhydric alcohols of the methane senes. It has been .sugm.Hted 
though the actual stages have not been ascertained, that by various 

processes, the sugais yield fatty acid residues 
which then condense to form the fatty acids of high molecular wiughts 
present in fats By a eonveisc process, the fats, (‘specially when tliey 
are stored as reserve materials in seeds, are broken up, and sugars are 
again formed which pass to other parts of the germinating seedling, and 
are there used in other synthetic processes. 

aromatics of the plant Since no ring compound is absorbed by the green 
plant It foUoivs that by some process the aliphatic structure must lx- 
.ransformed into the aromatic Thus, for instance, the trihydric ph(>nel 
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phloroglucm, might at some stage be formed from a hexosc by conversu 
of the aliphatic chain into a closed ring 


OH H OH OH 

OHO— C~C--C— C— CH 2 OH — SHaO = CO— CHa-~-CO~> 


OH H H 

1 

OluCORO 


H 2 

H 



OC CO 

HOC COH 

1! 1 

= 1 1 = 
HaC CHy 

II 1 

HC CH 


\c^ 

0 

OH 


Phloroglucm 


CHa— CO— CHa 


There is evidence that aromatic compounds, such as phloroglucii 
tannins, flavones and anthocyaiiins are synthesized in the leaves, an 
that sugar-feeding, by floating loaves m sugar solutions, leads to th 
increase of aromatics in the tissues. When the ring structure has bee 
once synthesized, further changes can take place either by the additio 
of side-chains to the ring or by the condensation of two or more rmgt 
In this way the gieat multitude of aromatic products present in th 
higher plants may arise. 

Thus the cell can be pictured as a colloidal solution of protein 
endowed with the properties of matter in mass and surrounded by i 
permeable cell-wall of cellulose. The colloidal solution contains liqiiK 
and solid particles of very varied chemical composition In the protoplasm 
are spaces, vacuoles, filled with cell-sap also containing many anc 
various substances in solution. Throughout the protoplasm, vdiicl 
probably has an organized structure, many kinds of chemical reaction 
are continually in pi ogress, some being the converse of others, as fo 
instance those of oxidation and reduction which can take place aide b] 
side in the same cell. 

Next will be considered the chemical reactions by which the varioiu 
metabolic changes in the plant are brought about How are those 
processes controlled and how do they take place ^ 

There is a large group of organic substances, termed enzymes, manj 
of which are present in every plant They have a certain characteristic ir 
common, i,e they bring about chemical reactions m the plant withoui 
undergoing any permanent change: in other words they are organic 
catalysts. Many of these reactions, which take place m the cell at 
ordinary temperatures with considerable rapidity need prolonged heating 
at high temperatures when brought about by artificial means. Enzymeib 
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can genei’ally be extracted from the plant by water, especin-Hy li the 
tissues are thoroughly disintegrated Their chemical constitution js 
at piesent unknown, and they are usually destroyed by tempeiatur<‘s 
greater than 60°0 Moreover, many of the processes which thc'y control 
in the plant can be brought about by them in vitro under suitiilik' 
conditions, and it is by means of such experiments that information as 
to their r61e in plant metabolism has been ascertained The majority o( 
knoivn enzymes control both hydrolysis and its converse, synthesis by 
condensation with elimination of water, but under artificial conditions 
hydrolysis most frequently occurs The enzyme, diastase, tor instance, 
found in all starch-containing plants hydrolyzes m vitro starch to dextrin 
and maltose Similarly the enzyme, maltase, hydrolyzes maltose into 
glucose Other enzymes hydrolyze proteins into amino-acids, and others, 
again, hydrolyze fats into fatty acids and glycerol 

Until fairly recently the fact escaped notice that such reactions are 
reversible, and that these enzymes in situ m the plant may, according 
to the conditions, control not only the hydrolytic but also the cor- 
respondmg synthetic process The latter may also be brought about, 
though not readily, m vitro This, and other evidence, leads us to 
believe that enzymes in the plant control the reactions in both directions 

Hydrolysis, and synthesis with elimination of water arc not however 
the only processes catalyzed by enzymes There is another type of thesc> 
catalysts, the oxidizing enzymes, which bring about oxidation of sub- 
stances in the plant, notably of aromatics In addition, then' is the 
enzyme, zymase, which decomposes sugar with the production of alcoliol 
and carbon dioxide 

The question which now arises is — How many reactions in the plant 
are catalyzed by enzymes ? It is conceivable that a greater number of 
enzymes may exist than are at present known, but that they are unable 
to be extracted by our present methods of isolation A certain number 
of reactions probably take place in the cell-sap between the sulistanoes 
in solution, others are catalyzed by enzymes which are suppoiSiul to bo 
intimately connected with the protoplasm, but there are an iniormous 
number to which there is at present no clue as to how they are brought 
about, such, for instance, as the synthesis of carbohydrates from carbon 
dioxide and water, and the formation of the benzene ring from the open 
carbon cham Such processes are usually said to be contiollod by the 
“living protoplasm,” but what exactly is the significanci' of this 
expression is at present beyond onr knowledge. 

Finally, also, little is known of the question as to how Lh|> various 
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lines of metabolic syntheses in different parts of plants are logulatcd 
and correlated with each other Some of the phenomena involved are 
shortly outlined as follows Theie is undoubtedly, under suitable 
conditions, a constant synthesis of sugars in the leaves. In all pro- 
bability aromatic substances are also synthesized in the same organs, 
for there is evidence that there is an increase of these compounds in the 
leaf if translocation through the petiole is prevented It is possible that 
amino-acids also are formed in the leaf. The above products are 
constantly translocated to the growing organs as material for growth. 
They may, nevertheless, be temporarily stored in the tissues whore they 
have been synthesized, and of this there is evidence in at least one case, 
e.g starch in the leaf But, apart from the immediate use for growth, 
there is in practically every plant, some tissue where, owing to some 
unknown stimulus (causing probably changes in permeability of the 
cell-membranes), accumulation of compounds occurs This accumulation 
IS characteristic of organs from which growth will take jilace when it is 
impossible for the plant to obtain fresh supplies by carbon assimilation, 
as, for example, of bulbs, rhizomes, tubers, buds, seeds, fruits and woody 
tissues In these cases, in due time, the products stored supply the 
growing shoots. 

During storage, simple sugars, amino-acids, etc. have been condensed 
to form insoluble, colloidal, or large molecules of starch, fats, aleurone, 
cane-sugar, etc These will remain until they are hydrolyzed by enzymes 
when they can supply the growing shoots. Such stores are termed 
^^rcs'erve materials ” The actual stimuli involved in bringing about and 
regulating this storage are unknown, but they are probably connected 
with the life cycle of the paiticular plant under consideration and its 
adaptation to external conditions. 
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THE COLLOIDAL STATE 

klANY of the substances of which the plant is built up exist in the living 
ell in the colloirlal state, and it is therefore important that some account 
hould be given of this condition of matter 

There are many organic products found in the plant (and also in the 
nimal), such as starch, vaiious proteins, gums, etc., that apparently dis- 
olve in water, giving a solution which, as a rule, only differs from an 
rdinary solution by being opalescent In addition, it has been known 
)r a long time that various inorganic substances, such as sulphides of 
rsemc and antimony, hydroxide of iron, and also certain metals (gold, 
Ivor), can, by special methods, he obtained in ''solution,'’ though in 
rdmaiy circumstances they are quite insoluble. The above examples 
re representative of colloidal solutions 

A property which all the above solutions possess is that the substance 
issolved will not pass through a parchment membrane, le will not 
lalyze, whereas if a solution of sodium chloride in water is separated 
om pure water by a parchment membrane, the salt will pass through 
le membrane until the concentration of the sodium chloride is etpial 
1 either side of it 

The conclusion drawn from investigations of various kinds is that in 
le colloidal solutions the substances dissolved exist in the state, either 
‘ aggregates of molecules, or of very large molecules, and heuce are 
lable to pass through the pores of the parchmenfc 
Moreover, certain distinctions can be drawn between colloidal solu- 
ms some, like those of gold, silver, metallic sulphides, hydroxides and 
fact most inorganic substances, are very sensitive to the ^^resence of 
lall amounts of inorganic salts, le electrolytes, and are precipitated 
them, but will not as a rule go into solution again Also such col- 
dal solutions are very little more viscous than pure water. The oiganic 
bstances, on the other hand, are only precipitated from colloidal solu- 
)ns by comparatively large quantities of electrolytes The viscosity, 
Dreover, of these solutions is greater than that of water, and is, in fact, 
tisiderable, even if the percentage of dissolved matter is small. 
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Hence two terms have been employed for the above-mentioned 
types of colloidal solutions those of gold, silver, etc , are termed suspen- 
soids (suspensoid sols) those of starch, proteins, etc, emulsoids (einul- 
soid sols) 

The essential feature of both forms is that they are systems consisting 
of two phases, or conditions of matter, known respectively as the '^dis- 
persed phase and the continuous ” phase 

A suspensoid may be defined as having a dispersed phase composed 
of ultramicroscopic particles or aggregates of molecules suspended in a 
Gontinnons phase composed of a liquid 

An emidsoid may be defined as having a dispersed phase composed 
of ultramicroscopic drops of a highly concentrated solution of the sub- 
stance suspended m a continuons phase composed of a dilute solution of 
the same substance 

As a rule, therefore, the difference between a suspensoid and an 
emulsoid is that, whereas in the former the liquid is lestnctcd to the 
continuous phase, and the solid to the dispersed phase, in an emulsoid 
both phases are liquid, though containing different proportions of the 
dissolved substance 

The terms suspensoid and emulsoid are used on account of the re- 
semblance of these states of matter respectively to suspensions and 
emulsions If microscopic particles of a solid are shaken up in water, 
what is known as a suspension is obtained , in time, however, the solid 
particles, if heavy enough, will settle and separate from the water, and 
the whole process can be repeated. Thus a suspension differs from a 
suspensoid solution in that the latter is stable, though, if precipitated, 
the reaction is usually not reversible. 

If two liquids which are insoluble m each other, such as oil and 
water, are shaken up together, finely divided drops of oil in water are 
obtained. This is known as an emulsion. In time, however, the oil 
separates from the water, because the tension pn the films of water 
separating the oil drops, when in contact, is too great, and they break, 
with the result that the oil drops coalesce But if, instead of water, a 
solution of soap, saponms, or certain other substances is used, the surface 
tension of the water is so lowered that the films of soap solution separating 
the oil drops are permanent, and a system as obtained consisting of minute 
drops of oil separated by soap solution This system resembles an organic 
colloidal solution, as, for instance, that of protein in which we suppose 
a concentraied solution of protein exists m drops separated by a dilute 
solution of motem. Milk and latex constitute natural emulsions 
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E.ipt 1 Eoi motion of a suspension Precix)itate a solution of barium chloride 
with some sulphuric acid and shake up well the fine precipitate of barium sulphate 
Kote the gradual settling of the precipitate 

Ea^pi 2 Foi motion of an emulsion Take a diop of olive oil in a test-tube and 
half fill the tube with alcohol Shake well and pour into a beaker of water A fine 
white emulsion of oil in water will be formed from which the oil will not soparaii' 
By this method the oil is obtained m such small drops that stability is ensured 

Take about equal quantities of olive oil in two test-tubes and add an equal 
quantitj^ of water to each To one tube add a drop or two of 10% caustic alkali 
solution Shake both test-tubes well An emulsion is formed in both, but in the 
tube without alkali the oil will separate out on standing In tho other tube the 
emulsion is jiermanent This is due to the fact that the olive oil (unless specially 
I purified) contains some free fatty acid The latter foims soaj) with the alkali (see 
p 82) and renders the emulsion permanent 

Ea.pt 3 Frepai ation of suspensoid sols {a) Gold Take two lUOc.c moasurmg 
cylinders and thoioughly clean them with nitric acid, and afterwards wash well with 
freshly distilled water In one make a 0 5% solution of tannic acid (using the purest 
sample obtainable) m water In the other, 2 c c of commercial 1 % gold chlorido are 
made up to 100 c c with watei Use fieshly distilled water in both cases Mix equal 
poi tions of the two solutions m a clean beaker A purple colloidal solution of gold 
will be formed If three jiarts of the chloride solution are mixed with one par fa of tho 
tannin solution, and both solutions heated before mixing, a red colloidal solution is 
obtained {h) Silver Take 5 c c of a 1 % solution of silver nitrate and add dilute am- 
monia solution until the 2 :>recipitate first formed just disajiiioars, and then dilute with 
100 c c of water Mix equal volumes of this solution and the tannic acid ^iroiiarod 
foi {a) A colloidal solution of silver will be formed which is clear blown by iraiis- 
niitted light, but has a green fluorescence by reflected light, (c) Ferric hydroaoide 
Take 5c c of a filtered 33% solution of feme chloride and jiour into 500 c c of 
boiling distilled w^ater in a beaker A colloidal feiric hydroxide sol is formed and tiu' 
colour changes to a deej) brown-red The yellow solution of ferric chloride is de- 
composed by excess of water wuth the production of a soluble colloidal form of feme 
hydroxide, and hydrochloric acid is set free, {d) Arsenic tnsulpJude, Take 2 gms. 
of aisenious acid and boil with 150 c c of distilled water, filter and cool. Then jiass 
sulphuretted hydrogen through the solution A colloidal solution of tho suliihide m 
formed which is orange, with a greenish surface 

The above sols should Jbe kept for further experiment [see Expt 8] 

Easpt 4 Preparation of emulsoid sols (a) Starch Weigh out 2 gms. of dry starch, 
and mix well with a little cold distilled water Boil 100 c c. of distilled water in a 
flask, and, when boiling, j-iour in the starch paste and boil for a few inmutos longer, 
stirring well all the time A colloidal solution of starch is ohtamocl which is faintly 
opalescent It is not affected by heating and does not change its state on cooling. 
(h) Gum arable Make a 5 % solution of gum arable by boiling 6 gms. with 100 c.c. 
of distilled w^ater. Note that a sticky or viscous solution is formed which froths on 
shaking (c) Fiotein Weigh out 10 gms of white flour and add 100 c.c. of distilled 
water Let the mixture stand for 2 or 3 hours and then filter. The extract contains 
protein Note that the solution froths on shaking, (d) Soap Make a S-lOO/y solution 
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of «oap 111 distilled water It is opalescout and fioths strongly, (e) Ghloiophyll 
[See Expt 32 ] 

The above sols should bo kept fur further e\poriniionb [see E\pt 9] 

ET.pt 5 Dmlysis of starGli and mlt solutwn Make a 2% solution of staieh lu 
water, as in Expt 2, and mix it with an equal volume of a 2 solution of sodium 
chloride in water Pour the niixtiu'e into a parchment dialyzer and dialysse in a 
beaker of distilled water (The dialyiior should hist be carefully tested to ascortam 
if there be a leak ) Tost the liquid in the beaker with solutions of both iodine and 
silvoi nitrate Sumo precipitate of chloride will bo given, but no blue colour with 
iodine Aftei 24 hours, test the liquid again There will bo an inci eased amount of 
silver chloride formed, but a negative result with iodine On addition of lodmc to 
the liquid in the dialyzer, a blue colom is obtained IToiico wo may assume that the 
colloidal starch does not pass through the membrane 

Some substances, such as gelatine (animal) and agar (vegetable), are 
only in the emulsoid condition at a raised temperature When cold 
they set to form a gel/^ in which the particles of the dispersed phase ai^e 
no longer separate but united to make a solid. Silicic acid, the best known 
inorganic cmulsoid, also sets to a gel on standing, either spontaneously 
or on addition of electrolytes. It is of classical interest since it was the 
substance largely used by Grahtiin, the first worker on colloids. 

Expt G Frepa^iation of gels (a) Jga?' Weigh out 2 gms of agar and put it 
to aoak in 100 c c of distilled water for an hour or two Then boil . the agar gives a 
thick opalescent solution (sol) which sots to a gel on cooling On warming, tho gel 
again becomes a sol, and, on cooling, again sots to a gel Thus the change is a 
reversible one Agar is a mucilage which is obtained from certain genera of the 
E.hodophyceae(seop 49) (d) Szltete aoid Weigh out 20 gms of commercial “water- 
glass’^ syrup (a concentrated solution of sodium silicate) and dilute with 100 c.c. of 
freshly boiled distilled water (fico from carbon dioxide). Pour 75 c o. of this solution 
into a mixture of 26 oc of concentrated hydrochloric acid and 75 co. of water 
Dialyze the mixture in a parchment, dialyzor against running water for 3-4 hours 
If to the dialyzed liquid a little very dilute ammonia is added, a gel will bo formed 
m the course of a few hours. In this case, however, the process is irreversible, tliat 
IS the gel cannot be reconverted again into the sol. 

An interesting point in connexion with the colloidal state is that 
emphasized by Ostwald, ic. that this condition is a state, not a type, 
of matter Further, substances in the colloidal state do not constitute 
a definite class. It is reasonable to suppose that all substances which 
exist in the colloidal state can, under suitable conditions, also exist ni 
the crystalline state, and moe versa. Further, tho continuous phase is 
not always water. Sodium chloride, which is a very definite crystalloid, 
can be obtained in the colloidal state in petroleum ether. Most metals, 
even the alkali metals, have been obtained in colloidal solution also a 
great many metallic oxides, hydroxides and sulphides. 
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The colloidal phases so far dealt -with can he tabulated as follows’' 
disperse cooitimioiis 

liquid solid gels 

solid liquid . . buspeiisoids 

liquid . liquid . . emulsoids 

Some of the properties of colloidal solutions may now be considered 
A point that has already been emphasized in the previous chapter is 
that the surface of pai tides in the colloidal state is very great in pro- 
poition to their mass Such particles, moreover, unlike ions and small 
molecules in true solution, possess the properties of the surfaces of matter 
m mass, as, for instance, those connected with’ surface tension, electrical 
charge, etc, and these are especially marked on account of the propoi- 
tionately large surfaces involved Other properties are their inability, 
as a rule, to exert an osmotic pressure, to laise the boiling point, and to 
lower the freezing point of water. Some of the metallic suspensoids are 
chaiacterized by their colour, this being red, purple or blue as in the case 
of gold sols 

An apparatus, by means of which the colloidal state can be demon- 
strated ocularly, is the ultramicioscope This is a special form of micro- 
scope m which a powerful beam of light is directed upon a colloidal solution, 
wdiich IS then seen to contain a niimbei of particles in rapid motion. 
When analyzed by special methods, this motion has been found to be 
identical with that shown by much larger, though still microscopic, 
particles, which has been termed Brownian movement 

Expt 7. Demonstration of ownianmovement of mioroscopiG paHioles Mount a 
little gamboge in water and examine under the high jiowei of a microscope The 
particles will be seen to be in rapid motion. 

It has been shown that Brownian movement is the outcome of the 
movement of the molecules of the liquid in which the particles are 
suspended This movement is one of the factors which keeps the sol 
stable and prevents the particles from “settling” as in the case of a 
true suspension. 

Another factor tending to keep the sol stable is the electrical charge 
borne by the particles. It is commonly known that there is usually a 
difference of potential between the contact surfaces of phases If the 

1 Theie aie also the following combinations (Bayliss, 1) 


se 

continnons 


gas 

liquid 

foam 

liquid . , 

gas 

foK 

solid 

gas 

tobacco smohe 

solid 

, solid , . . 

ruby glass (colloidal sol of gold in glass) 
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particles m a colloidal solution all have the same charge, then they will 
tend to repulse one another mutually It is found that the particles 
arc charged, but the origin of the charge is not always clear. Sometimes 
if the substance in colloidal state is capable of electrolytic dissociation, 
the charge may arise in this way Substances, however, as alieady men- 
tioned, which are not dissociated may also bear a charge, and most 
frequently it is a negative one It follows, then, that when an electro- 
lyte is added to a colloidal solution, the charges on the colloidal particles 
aie neutralized by tlie oppositely charged ions of the electrolyte, and 
they coalesce together and aie precipitated 

As regards their bohavioui to electrolytes the two classes, suspen- 
soids and eraulsoids, are very different The suspensoids are very sensi- 
tive to traces of electrolytes, and, as they usually have a negative charge, 
it IS the cation of the electrolyte which is the active ion, and of such, 
less of a divalent ion, than of a monovalent ion, is needed for jirecipita- 
tion and still less of a tri valent ion 

The emulsoids are far less sensitive to electrolytes in solution than 
the suspensoids , in fact, electrolytes, such as neutral alkali salts, must 
be added in very large quantities to emulsoids before precipitation takes 
plac(' Also, as a rule, whereas the precipitation of suspensoids is irre- 
veisible, that of emulsoids is reversible, that is, they pass into solution 
again on addition of water In the case of an cmulsoid in neutral solu- 
tion this form of precipi tation, unlike that of the suspensoids, may be 
regarded as consisting of two processes. First, a process analogous to 
that of salting out of soaps, esters, etc,, m organic chemistry, which 
IS, in effect, a withdrawal of water from one phase into another Secondly, 
the precipitation is also affected to some extent by the valency of the 
ions of the salt used m precipitation. 

When, however, a neutral solution of such an omulsoid as protein is 
made either slightly acid or alkaline, its behaviour towards neutral salts 
becomes altered. The precipitating power of salts in acid or alkaline 
medium is now in accordance with that on suspensoids. In alkaline 
solution the coagulating power of a salt depends on the valency of the 
cation, m an acid solution it depends on the valency of the amon. 

The behaviour of proteins in acid and alkaline media is undoubtedly 
duo to the fact that they arc built up of amino-acids containing both 
amino and carboxyl groups Such molecules may behave either as an 
acid or a base with bhe formation of salts These are subject to electro- 
lytic dissociation and hence acquire an electric charge Such substances 
have been termed “amphoteric electrolytes’' (see p. 120) 
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Bxpt 8 P'i eci<pitatioii of suspeiisoid sols hy elect'/ olytes The sols of gold, silver 
and arsenious sulphide carry an electro-negative chaige hence they are most leadily 
precipitated by di- or tri- valent x^ositive ions, such as Ba" or Al"' Adid a few drops 
of barium chloride solution to the three sols (Expt 3) respectively, and note that 
they are precipitated, though some time may elapse befoie the precipitation is 
comjilete The ferric hydroxide sol, on the contrary, caiiies a positive chaigo Hence 
it is most leadily preciiutated by a sulphate or phosphate If a drop of sodium 
sulphate solution is added while the sol is hot, it is immediately precipitated 

Expt, 9 P) ecipitation of emidsoid sols hy electi olytes Saturate the starch, protein 
and scajD solutions preiiaied in Expt 4 with solid ammonium sulphate Precipitation 
takes place in each case, and it is seen how large a quantity of electrolyte is needed 
for the “salting out” of emulsoid sols Filter off the protein precipitate and suspend 
in distilled water It will go into solution again, showing that the reaction is 
reversible 
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CHAPTER III 


ENZYME ACTION 

Some mdicakon has been given in the previous chapber of the large 
number of complex processes which take place in the plant, and it has 
been mentioned that many of these are controlled by enzymes 

The most remarkable feature in connexion with the chemical pio- 
cesses of plant metabolism is the ease and rapidity with which, at 
ordinary temperatures, chemical reactions take place, when under artificial 
conditions they need a much longer time and higher temporaburcs 

It has been found that many of the chemical reactions m the plant 
can be brought about in vitro on addition of certain substances which 
can be extracted from the plant These substances are known as enzymes. 
It is the property of enzymes that they are able to accelerate reactions 
which, in their absence, would only take place very slowly The enzyme 
cannot initiate these loactions and does not foiin part of their final 
products 

Some inorganic substances have the same jiroperty of accelerating 
reactions, and such substances are termed catalysts For example, when 
water is added to ethyl acetate, the latter begins to be decomposed slowly 
into ethyl alcohol and acetic acid : 

ethyl acetate + water — ethyl alcoliol -}- acetic acid, 

but if, in addition, some hydixichloric acid is added, hydrolysis takes place 
with much greater rapidity, and at the end of the I’caction the hydrochloric 
acid IS found unchanged Hence in this case hydi*ochloric acid is an 
inorganic catalyst. Many other similar instances aie known as, for 
example, the catalyzing effect of a small quantity of manganese 
dioxide which brings about the Hiboration of oxygen from potassium 
chlorate at a much lower temperature than by heat alone. 

By analogy, therefore, an enzyme may bo defined as can organic 
catalyst produced by the plant. 

Another point in connexion with the above-mentioned reaction of 
water with ethyl acetate, is the fact of its being representative of the 
type known as reversible. After a certain amount of acebic acid and 
ethyl alcohol has been formed, these recombine to form ethyl acetate 
until m time a certain point of equilibrium is leached. Since the same 
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point of equilibrium is leached whether hydrochloric acid is used or not, 
it IS obvious that the hydrochloric acid aeceleiates the reaction in both 
dnections 

ethyl acetate + water ethyl alcohol + acetic acid 
Such a reaction is termed a reversible one Many of the processes 
accelerated by enzymes in the plant aie reversible, and there is reason 
to believe that the enzyme accelerates the leaction in both directions 
The substance upon which the enzyme acts is termed the substrate, 
and it IS supposed that some kind of loose combination occurs between 
these two substances The enzyme is unaltered when the reaction is 
complete, unless it is affected by the pioducts formed 

The enzymes are very widely distiibuted and form constituents of 
all living cells, though all tissues do not necessarily contain the same 
enzymes 

Theie is no doubt that many enzymes are specific, in which case 
an enzyme can only accelerate one reaction, or one class of reaction. 
We cannot be sure that any enzyme is specific and different from all 
others, until it has been proved that it accelerates one process which is 
incapable of being accelerated by any other enzyme It is possible 
that some enzymes, to which separate names have been given, are really 
identical 

Most of the plant enzymes are soluble m water and dilute glycerol 
and sometimes in dilute alcohol Some can be extracted by simply 
macerating the tissues with water, others are more intimately connected 
with the protoplasm, and aie only extracted if the protoplasm is killed 
by certain reagents, of which those most frequently employed are toluol 
and chlorofoim These substances kill the protoplasm and do not, in 
many cases, affect the enzyme After the death of the protoplasm, the 
enzymes arc more readily extracted from the cell From aqueous 
solutions enzymes can usually be precipitated by adding strong alcohol. 

The majority of enzymes are destroyed by raising the tempera turc 
above 60^0 In vitro then reactions are generally carried out most 
rapidly between the temperatuies of 35-4o° C. 

In performing experiments with enzymes in vitro, it is always 
necessaiy to add an antiseptic, otherwise the reaction to be sbudu^cl will 
be masked or entirely supeiseded by the action of bacteria unavoidably 
present Toluol and chloroform mentioned above, as well as thymol, 
may be used These reagents prevent any bacterial action from taking 
place Some enzymes, however, are susceptible to chloroform, as, for 
instance, maltase 



Ill] 


ENZYME ACTION 


19 


The cheiaical nature of enzymes is at present unknown, because it 
IS difficult to purify them without destroying them, and hence to obtain 
them of sufficient purity foi chemical analysis They were oiigmally 
thought to be proteins, but with the improvements m methods for 
purification, it has been found that the protein icactions disappear, 
although the enzyme activity does not decicaso In solution they exist 
m the colloidal condition 

The cpiestions as to their origin and their relation to the protoplasm 
cannot yet be answeiod with any certainty It is also impossible to say 
whethei the majority of chemical processes in the plant are catalyzed by 
enzymes. 

A feature of enzyme action which is of consideiablo interest and 
which has already been mentioned is the question as to whether enzymes 
catalyze the synthetic as well as the hydrolytic reaction There is 
evidence that this is so, since, in many cases, the hydrolysis is not 
complete If the enzyme were a catalyst in one direction only, the 
reaction would be complete Further evidence is supplied by the fact 
that, under suitable conditions, i.e. strong concentration of the substances 
from which synthesis is to take place, certain syntheses have been carried 
out in vit) 0 As an example may be quoted the synthesis of maltose 
from a conccntratiHl solution of glucose by maltase (Bayhss, 2) 

In the living cell it is supiiosed that the hydrolysis and synthesis 
are balanced On the death ” of the protoplasm, which may be caused 
by mechanical injury, vapour of chloroform or toluol, etc (Aiinstrong, 7, 8), 
the reactions catalyzed by enzymes cease tobo balanced and pioceed almost 
always in the direction of hydxolysis and the splittingup of more complex 
into simpler substances. This phenomenon is obvious when any of the 
producLs can be recognized by smell or colour, as, for instance, the smell 
of benzaldehydo on injuring leaves of plants containing cyanogeneiic 
glucosides (see p 140), or the production of coloured oxidation products 
when some of the aromatic glucosides aie decomposed (see p 113) 

If plant tissues are disintegrated, andthe mass is kept at a temperature 
of about 38° C., the above-mentioned hydrolytic processes continue to be 
catalyzed by the enzymes present until equilibrium is reached, which will 
be near complete hydrolysis, cspooiaHy if water has been added Such 
a process is termed ‘hiutolysis.’' 

The chief plant enzymes may be classified iindei the following 
headings : 

A. Hydrolytic enzymes. Those constitute by far the greater number 
of known enzymes. In their activity they either add or eliminate water. 
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According to the substances upon which they act (the substrates) 
they may be further sub-classified as follows 

(1) Fat-splitting enzymes, which hydrolyze fats into fatty acids 
and glycerol lipase 

(2) Carbohydrate-splitting enzymes 

Diastase, which hydrolyzes starch into dextrin and maltose 

Invertase, which hydiolyzes cane-sugar into dextrose and laevulose 

Maltase, which hydrolyzes maltose into dextrose 

Inulase, which hydrolyzes inulin into laevulose 

Cy tase, which hydrolyzes hemicellulose into mannose and galactose. 

Pectmase, which hydrolyzes pectic compounds into arabmoso 

(3) Glucoside-splittmg enzymes . 

Emulsin, which hydrolyzes amygdalin into benzaldehyde, prussic 
acid and glucose 

Myrosin, which hydrolyzes sinigrm into allylisothiocyanate, potassium 
hydrogen sulphate and glucose 

(4) Protein-splittmg enzymes (proteases) 

Pepsin-like enzymes, which hydrolyze proteins into albunK)S(‘H and 
peptones 

Erepsin-like enzymes, which hydrolyze peptones into polyp< ip tides 
and amino-acids. 

B OoGidizing enzymes . 

Peroxidases, which decompose peroxides and set free oxygcm in 
the active state, probably as atomic oxygen 

Catalases, which decompose hydrogen peroxide and set free oxygim 
in the molecular condition. 

C Fermenting enzymes Zymase of yeast and also of higher jilants, 
which brings about the decomposition of certain hexoses, such as glucose, 
with the formation of alcohol and carbon dioxide Probably a scirit^s oi 
reactions including oxidation, reduction and hydrolysis arc involved. 

D Goagidatmg enzymes Pectase, which coagulates soluble pectic 
compounds 

E Redming enzymes Reductase The precise function of these 
enzymes is unknown. 

Most of these various classes of enzymes will be dealt with in detail 
in connexion with the chemical substances on which they react. 

An excellent demonstration of the fact that a single cell may contain 
all the various enzymes connected with the processes of metaboliBm m 
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afforded by the unicellular Fungus, Yeast {^accharomyces), of which man 
species and varieties aie known The feature of special interest n 
connexion with the Yeast plant is its power of fermenting hexoses, witl 
the formation of alcohol and carbon dioxide, the process being carriec 
out by means of an enzyme, zymase The reaction is generally 
represented as follows, though there is little doubt that several stagei 
are involved 

C()Hi 20 (j= 2OO2 2C2H5O H 

In addition to zymase, yeast contains the enzymes, mvertase, protease 
peroxidase, catalase, reductase, glycogenase, caiboxylase, a glu coside 
splitting enzyme, and some foi;m of diastatic enzyme The carboxylase 
decomposes a laigc number of keto-acids, of which the most impor 
tant is pyruvic acid Clij CO COOIi The reaction involves the 
formation of the corresponding aldehyde with the evolution of carbor 
dioxide Yeast also stoies, as a reserve material, the polysaccharide 
glycogen, which occurs in animal tissues though it is rarely found in 
plants this is hydrolyzed by glycogenase into a monosaccharide Finally 
yeast contains mvertase, and most species, in addition, maltase, but from 
a few species the latter enzyme is absent Hence yeasts are able tc 
ferment the disaccharides, cane-sugar and maltose, since they can firsi 
hydrolyze them to monosaccheirides 

As in the case of the enzymes of other tissues, those of yeast can be 
made to carry out their functions after the death of the living protoplasm 
The method of demonstrating this is to ‘dalT' the cells by means ol 
drying at 25-30° G , by treatment with a mixture of alcohol and ether, 
or by treatment with acetone and ether. In this way the protoplasm is 
destroyed, but the enzymes remain uninjured Yeast treated thus has 
been termed “ zymiii ” 

From zymin some of the enzymes, o.g. mvertase and the glucosido- 
splitting enzyme, can be extracted with water: other enzymes, e.g zymase 
and maltase, are not so readily extracted. From the living cells the 
enzymes are only obtained with difficulty, the extraction of yeast juice, 
containing zymase and other enzymes, needing, by Buchner's method, 
a pressure as great as 500 atmospheres. 

In connexion with alcoholic fermentation by zymase, the following 
point is of special interest. For carrying out this process, two other 
substances are necessary in addition to the enzyme, x,e. a co-enzyme of 
unknown nature and a phosphate The separation of zymase from the 
co-enzyme has been accomplished by filtering expressed (Buchner) yeast 
juice through a special form of gelatine filter under a pressure of 60 



22 


ENZYME ACTION 


[CH 

atmospheres The phos|)hate and co-enzyme can also be removed from 
zymm by washing with water The washed residue is then found to be 
incapable of fermentation, as also are the washings If, howevei, the 
boiled washings are added to the ivashed residue, the system is synthesized 
and can now carry out fermentation again The chemical nature of the 
CO- enzyme, which is thermostable, and the precise part played by it in 
the process, are as yet unknown (Harden, 4) 

Expt 10 Fre-paratimi of zymin [a) By alcohol and ether Tor the following 
experiments fresh yeast should he used winch has been washed so^ oral times with 
distilled water and dried on a filter-pump Weigh out 25 gms of yeast and stir 
it up well in a mixture of 300 c c of absolute alcohol and 100 c c ot ethoi for 4-5 
mmutesj and then filter on a filter-pump Next wash the yeast with 50 c c of 
ether. Then spread it out on a piece of filter-paper and allow it to dry for one hour 
(5) By acetone and ether Take 50 gms of yeast and stir it into 300 c c of acetone 
Continue stirring for 10 minutes, and filter on a filter-jiumii The mass is then 
mixed with 100 cc of acetone for 2 minutes and again filtered The residue is 
roughly powdered, well-kneaded with 25 c c of ethoi for 3 minutes, filtered, drained 
and spread on filter-paper for an hour in the air It can be finally diied at 45” C. for 
24 hours 

Eocpt 11 Action of zymase. Till a small test-tube with 40% glucose solution 
Add 2 gms of the zymm (from Expt. 10) for each 10 o e of solution and a little 
toluol, and shake. Then fit a slightly larger test-tube over the mouth of the first 
tube Now invert A small quantity of air will rise to the top of the first tube 
which, however, will remain filled with the sugar solution Place the tubes either in 
an incubator or water-bath at 22-25” G A control set of tubes should also be arranged 
containing sugar solution and zymm which has been previously well boiled in a little 
water Bubbles of carbon dioxide will be evolved from the unboiled zymm 

Expt 12 Action of maltase (Harden and Zilva, 12 ) Into two test-tubes, {a) and 
(5), put the following 

{a) 20 0 c of a 2 % solution of maltose -4-0 5 gm of zymm 
(h) 20 c c of the same solution of maltose + 0 5 gm of zymm which has boon 
well boiled m distilled water. 

Plug both tubes with cotton -wool, after adding a few droi)s of toluol, and place 
m an incubator at 38” C for 12-24 hrs Test the liquid m both tubes by niakmg tlie 
osazone (see p 49) Glucosazone will crystallize out m tube {a)^ maltoHiizono in 
tube {h) 

Expt 13 Action of peroxidase (Harden and Zilva, 12) Into four small 
evaporating dishes, {a\ (6), (c) and {d\ put the following . 

(a) A suspension of 0 5 gm of fresh yeast m 10 c o distilled water -floe of 
benzidine solution (1 in 50 % alcohol) -j- 2-3 drops of hydrogen peroxide (20 vols ), 
Q}) A suspension of 0 5 gm of zymm m 10 c c of distilled water + 1 c c of 
benzidine solution -f* 2-3 drops of hydrogen peroxide 

(c) A suspension of 0 5 gm of washed zymm m 10 c c of distilled watei + 1 c c 
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of benzidine soluiioxi -b 2-3 drops of hydrogen peroxide (The zyinm is washed by 
])utting ifc on a double folded hlter-papei in a funnel and adding distilled w<atci from 
time to time 50 c e of water should bo used for 0 5 gm of zymni ) 

(d) A suspension of 0 5 gm of washed zymm m 10 o c of washings + 1 e c of 
benzidine solution H- 2-3 drops of hydrogen pei oxide 

A blue colour will develop in (a) showing that fresh yeast contains a peroxidase 
(see p 109) A blue colour will also develop m (r) but not in (h) and (c^) This is 
explained by .issunnng that the zymin contains an inhibitor, not present in fresh ^ 
yeast, but which is developed duiing tlie iiroparatiun of the zymin, and that this 
inhibitor can be washed away by water On adding the w^ashmgs to the washeil 
zymin the reaction is inhibited again 

&pt 14 Action of catalase (Harden and Zilva, 12 ) Completely fill a test-tube 
with hydrogen peroxide (20 vols ) solution winch has been diluted with an equal 
volume of water and add 0 5-1 gm of zymin Place the thumb firmly over the 
mouth of the tube, invert and iilaco the mouth under water in a small basin, clamp- 
ing the tube in position A rapid evolution of oxygen takes place When the tube 
IS about three-fourths full of gas, close the mouth with the thumb while still under 
•water and remove the tube Plunge a glowing splint into the gas and it will re-kindle 
to a flame 

E^jopt. 15 Action of pruteasc Weigh out 10 gms. of white flour, and allow it to 
extract with 100 ccx of distilled water for one hour, shaking from time to time. 
Then filter on a filter-pump The extract will contain the albumin, loiicosin 
(see p 124) Into small flasks {a) and (h) put the following . 

(a) 40 c c of the flour cxtiact A 1 gm of zymin + 1 c c of toluol 
(h) 40 c c of flour extract -f- 1 gm of boiled zymin + 1 c c. of toluol 
Shake both tubes, plug with cotton-wool and place them in an iiiciibator at 38° C. 
for 48 lirs. After incubation, boil the licpiid m both tubes, in order to coagulate 
unaltered protein, and filter To fche filtrates of the resiicctive tubes add bromine 
water drop by drop (sec p. 138) A pink, or purplish-iiink colour, duo to the xu'cscuee 
of tryptophane, will bo formed in tube (a) Hence hydrolysis of protein has taken 
place Tube (b) will show no colour or only that due to hromine Add a little amyl 
alcohol to both tubes and shako. The alcohol will bo coloured pink oi purplish iii 
the tube giving the tryptophane reaction. 

E<rpt 16 Action of reductase, (Harden and Norris, 11 ) Take two small flasks, 
(a) and (6), piovided with well-fitting corks and put m the following; 

(a) 1 gm. of zymin -1-20 c c. of distilled water -)- 0*5 c,c of methylene blue 
solution (made by diluting 5 c.c of a saturated alcoholic solution to 200 o.c with 
distilled water) 

(h) 1 gm, of boiled zymin -|- 20 o c of distilled water -b 0 5 c c of methylene blue 
solution 

Cork both tubes after adding a fewf drops of toluol and place in an incubator at 
38° C. for 3 hours The blue colour will practically disappear from tube (a) but will 
remain in tube (b) 

The methylene blue is reduced to a colourless leucq-compound which will become 
blue again on ro-oxidation 
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Exft 17 Enzyme actions of an aqueous extract of zymin Weigh out 2 gms of 
zyrnm and place them on a double folded filter-pai^er in a funnel and wash with 
80 c c of distilled water With the filtrate make the following experiments 

(A) Action ofznvertase, (Harden and Zilva, 12 ) Into two small flasks (a) and (h) 
put the following 

(a) 10 c c of a 2 % solution of pure cane-sugar + 10 c c of the filtrate from 
zymm 

(h) 10 c c of the same solution of cane-sugar -p 10 c c of the boiled filtrate from 
;^ymm 

Put both flasks m an incubator at SS*" 0. After 30 minutes add equal quantities 
(about 1~2 c c ) of Fehling^s solution to both test-tubes and boil (see j). 62) Tube (a) 
will show considerable reduction of the Fohling Tube (b) will show comparatively 
little reduction, that which does take place jirobably being due to the sugar foimed 
by the action of glycogenase on stored glycogen 

(B) Action of the glucoside^spUtting enzyme (Caldwell and Courtauld, 9, Henry 
and Auld, 13 ) This enzyme will act upon the glucoside, amygdalin, which is present 
m bitter almonds, with the pi eduction of glucose, benzaldehyde and prussic aefd 
(see p 145) Into two small flasks {a) and if) put the following 

(a) 20 c c of a 2 7o solution of amygdalin -|- 20 c c of the filtrate from zymin 

(h) 20 c.c of the same solution of amygdalin -h 20 c c of the boiled filtrate fiom 
zymin 

Add a few drops of toluol to both flasks and then cork, inserting, with the cork, 
a strip of paper which has been dipped in solutions of picric acid and sodium 
carbonate (see p 146) Put both flasks in an incubator at 38“ C for 12-24 hours The 
picrate paper in flask {a) will have reddened Add a little Fehlmg’s solution to the 
liquid in the same flask and boil. The Fehhng will be reduced The liquid m flask 
Q)) will only reduce Felilmg slightly [see Exjit A (6)] and the picrate iiaper will not 
be reddened. 
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CHAPTER IV 


CARBON ASSIMILATION 

The fact has alieadybeen emphasized that the plant synthesizes all the 
complex organic substances of which it is built from the simple com- 
pounds, carbon dioxide, water and inorganic salts • The initial metabolic 
process and the one from which all others have their starting-point is 
rhat of a synthesis of a carbohydrate from carbon dioxide and water 
This synthesis can only be carried out in the light, and only in a gioen 
plant, 1 e a plant containing chlorophyll Chlorophyll may almost be con- 
sidered the chemical substance of primary importance in the organic world, 
for upon it depends the life of all plants and animals Animals depend 
for their existence on ceitain complex amino-acids, some of which they 
are unable to synthesize for themselves, and which they derive from 
plants Plants m turn are unable to exist except by virtue of the pio- 
perties of chlorophyll 

The property of chloiophyll which is so impoitant is the powci it 
possesses of absorbing the radiant energy of the sun’s rays and conveitmg 
it into chemical energy by means of which a carbohydrate is synthesized 
This summarizes the whole process, which, however, can scarcely be voiy 
simple, and probably consists of several reactions at present undifferen- 
tiated If the formula for carbonic acid is compared with that of a simple 
carbohydrate such as a tetrose, pentose or hexose, the following relation- 
ship is seen 

H 2 CO^~*-(H 2 CO)^ where ^*=4, 5 or 0, 

that IS, in the synthesis of a carbohydrate a reducing reaction must take 
place 

Many hypotheses have been formulated as to the nature of these re- 
actions The one which has most frequently been advanced suggests 
that formaldehyde is the first product of the synthesis from carbon 
dioxide and water which takes place m the green plant , that the re- 
action involves reduction with elimination of oxygen 

H2COg= H 2 CO -}" ^2, 

and that this product is later condensed to form a hexose, 

6HpO = CeH,20o 
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As the concentrdtion of sugar increases in the cell, further condensation 
may take place to form starch 

The facts in agreement with these views aie first, in most plants a 
volume of oxygen is given off approximately equivalent to the volume 
of carbon dioxide absorbed, secondly, in some pbints staich, in others 
sugar, IS known to be produced duiung photosynthesis The detection 
of foimaldehyde, either in Lhe plant or m certain systems containing 
chlorophyll, as a proof of its formation during photosynthesis, has been 
shown to be invalid (see p 36) (Jorgensen and Kidd, 2). 

The value and significance of this reducing reaction is seen when it 
is realized that, by oxidation of the carbohydrates synthesized, energy is 
produced to supply the needs of the whole metabolism of the plant 
(see p 5) 

In the chemical treatment of the subject of carbon assimilation, some 
of the chemical properties of chlorophyll will first be considered, and, 
later, its behaviour under certain conditions the chemistry, however, of 
the phenomenon itself is as yet unknown 

The following account, as lixr as it concerns chlorophyll, and the 
accompanjnng experiments arc taken from a lesurne (Jorgensen and 
Stiles, 3) of the original work (Willstatter und Stoll, 1) upon which tlie 
entire knowledge of the subject is based 

CniiOBOPJiyLL. 

Our knowledge of the chemistry of chlorophyll has, within recent 
years, been set upon a firm experimental basis (Willstatter und Stoll, I ) 
The results which have been arrived at may broadly be summarized as 
follows 

In all plants examined the chloroplastids contain four pigments, of 
which two (termed respectively chlorophylls a and b) are green, and 
two are yellow. They occur in about the following proportions in fresh 
loaves 

p (Chlorophyll a ... OcpH^aOeN^Mg ... 2 pts per 1000 
iChlorophyll &...0,«H7oO«N4Mg. | „ 

Yollnw G4oH«a i 

iXanthophyll ..,0^0, k „ 

A point of great interest in connexion with chlorophyll is that it 
contains magnesium to the extent of 2 7 7o other metal is present. 

Chlorophyll a, when isolated, is a blue-black solid giving a green-blue 
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solution m the solvents m which it is soluble, i.e. ethyl alcohol, acetone, 
chloroform, ether, carbon bisulphide, pyridine and benzene. Chlorophyll 
b, when isolated, is a green-black solid giving a pure green solution it 
has much the same solubilities as chlorophyll a. The two chloiophylls, 
however, can be -separated by their different solubilities m methyl 
alcohol Both can be obtained in microscopic crystals 

Carotin crystallizes in orange-red crystals, and xanthophyll in yellow 
crystals 

In^the chloroplastids these pigments occur mixed with various colour- 
less substances, fats, waxes, and salts of fatty acids 

When chlorophyll is spoken of, it will be understood to lefer to the 
green pigments and not to the yellow. 

The fure pigments, when isolated, are readily soluble in acetone, ether 
and benzene. When very thoroughly dried nettle leaves are treated' 
with pure acetone, no green colour is extracted, hut if a few drops of 
water are added, the extract becomes green Also if acetone is poured 
on to fresh leaves, the pigment is extracted The explanation offered 
for these phenomena is that chlorophyll is present in a colloidal condition 
m the cell. This point will be considered again later (see p 35) 

The Common Nettle {Urtica) is the plant which has been used for 
material for the extraction of chlorophyll on a large scale, and it also 
forms very useful material for extraction on a small scale The pigment 
has been found to be unaltered by dr^ung, and, since dried leaves involve 
far less bulk and dilution of solvents, material should be dried before 
using Some leaves (Elder and Conifers) are spoilt by drying From 
dried leaves pure solvents, such as |)etrol ether, benzene and acetone, 
extract very little pigment for reasons which will he mentioned later, 
but if the solvents contain a moderate amount of water, the pigment is 
readily soluble About 80% acetone is the best solvent The nettle 
leaves are removed from the stalks and laid on sheets of paper to diy 
When well air-diied they are finely powdered, and the powder furthei 
dried at 30-40'*' 0 in an incubator The leaf-powder can be kept for a 
considerable time m a woll-stopperecl bottle. 

Bxpt 18 EcutmUion of ^iyinent Tv\ o grams of leaf-powder arc sucko(l to a filter- 
paper on a small ioorcelam funnel and o.c of 85 % acetone are added. Tins is 
allowed to soak into the powder foi a few minutes The fluid is then sucked through 
with the pumx^. The operation is re^ieated until 20 c c of the solvent have been 
added, when the powder is sucked dry A deep blue -green solution with a rod 
fluorescence is obtained which contains all the four pigments from the leaf. The 
acetone extract thus obtained is then x^oured into double the quantity oi petrol ether 
contained in a separating fuunol An equal quantity of distilled water is added, this 
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being poured gently down the side of the funnel in order to avoid the formation of 
emulsions In the course of a few minutes, the ether layer separates out and now 
contains the pigments The lower layer, which is slightly green, is run off The 
addition of distilled water and^ subsequent lomoval of the lower layer is repeated 
about four times, in order completely to rcxnovo the acetone from the ether solution 
If the other solution should have become at all emulsihod, it can be cleared by 
shaking with anhydrous sodium sulphate and filtering 

The whole process should be repeated with anothei 2 gins of leaf-powder and the 
pigment transfen ed to ether ^ since a solution in tins solvent is rcquiicd for If iter 
expel mien ts 

Eiojit 19 Bemomt'i ation of the presence of ehlorophylls a and h. Of the petrol 
ether solution from the last experiment, 10 c c aie shfikon with 10 c c of 92 % methyl 
alcohol Two layers are formed of which the petrol ether layer contains chlorophyll 
a, and the methyl alcohol layer chlorophyll h The solution of chlorophyll (t is blue- 
gi*een, while that of chlorophyll h is a purei green, but the colour diffeicnco between 
them is diminished owing to the presence of the yellow iiigmonts, of which carotin 
IS in the petrol other, and xanthophyll lu the methyl alcohol 

As will be explained later, the green pigments of chlorophyll can be 
saponified by alkalis and are then insoluble in ctheieal solution This 
method can be adopted to scpaiate the green fiom the yellow pigments, 
xanthophyll and caiotm 

Eapt 20 Separation of green and yelloin pigmctiU Shake 5oc of an etlior 
solution of the pigments (Expt 18) with 2 c c of 30 <Vo caustic potash in methyl 
alcohol (obtained by dissolving 30 gms of poiasbium hydroxide in 100 c c of methyl 
alcohol 1) After tlie green colour has roaiipefired, slowly add 10 c c of water and 
then add a little more other On shaking the test-tube, two layers are produced, of 
which the lower watery-alkalmo one contains the saponified green pigments, while 
the carotin ami xanthophyll are contained in the upper cthorofil layer 

Expt, 21 Separation of the tioo yellow pigments The cthei layer obtained in 
the last experiment is washed witli water m a separating fiumel, and ovaiiorated 
down to 1 c 0 It IS then diluted with 10 o c of petrol ether and uo\t mixed with 
10 c.o. 90 uiethyl alcohol The methyl alcoholic layer is removed find the petrol 
ether layer is agfun treated with methyl alcohol and the methyl alcohol again 
removed This x>mccss is repeated until the rnetliyl alcohol is no longer coloured 
The methyl alcohol contains the xantlioxihyll, the xiotrol ctlicr the carotin 

Further accounts of the yellow pigments are given on p. 39 
The best known reactions of chlorophyll arc those wdiich take place 
with acids and alkalies respectively. 

Chlorophyll is a neutral substance, and, on treatment with alkalies, 
it forms salts of acids, the latter being known as chlorophyllins Those 
salts are soluble m water forming green solutions which are not however 

1 The methyl alcohol must be very pure, otherwise the alcoholic potash solution will 
become blown and discoloured 
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fluorescent Chloiophyll a may be represented as the methyl phytyl 
ester of an acid chloiophyllin (phytol is a primary alcohol, see p 38) 

.COOCHj .COOH 

C^2H,oON4Mg<' Cj2H,oON4Mg< 

^COOCjoHs., ^COOH 

Chlorophyll a Chlorophyllin 

On tieatment in the cold with alkali, the ester is saponified, and the 
alkali salt of chlorophyllin is formed During saponification, there is a 
change of colour m the pigment, the so-called brown phase, followed by 
a return to green 

Ewpt 22 BapomjicatioR of a niutwe of the gi een pigments Pour a little of the 
ether solution obtained iii E\pt 18 into a test-tube, and in a pipette take a little 
30 o/o solution of potash m methyl alcohol Place the lower end of the pipette at the 
bottom of the test-tube and allow the x^otash to run in below the chloroxdiyll solu- 
tion At the inteiface between the solutions there appears immediately a brown- 
coloured layer which ditiuses on shaking In about ten minutes it changes back 
through an olive-green colour to x>uie green 

The chlorophyll has been saponihed to the potassium salt of the acid chlorophyl- 
liii This salt IS insoluble in ether, so if water is added to bring about a separation 
of the two layers, the green colour is no longer present in the ethereal layer 

The change of coloiii on saponification is different for the two 
chloiophylls, the brown phase produced lu the above mixture of chloro- 
X3hylls being due to a yellow phase produced by chlorophyll a, and a 
brown-red phase produced by chlorophyll h To demonstrate this the 
X^hase test (Expt. 22) may also be carried out separately on the two 
chlorophylls 

Eupt 23 SapoTiiJication of chloi ophylls a and b sepa'i atehj The methyl alcohol 
solution obtained in Evx->t 19 is transferred to ether as in Expt 18 Both the lattei 
and the petrol ethei solution of chlorophyll a arc saxionihcd as in the previous 
exxieriment 

As already demonstrated the potassium salts of the chlorophyllins 
which are produced b}^ saponification of the mixture of green pigments 
in the cold are not fluorescent By saponification of chlorophyll with 
hot alkali, isochlorophyllms are formed (see Expt 24 below) which are 
fluorescent 

On heating chlorophyllins with concentrated alcoholic alkalies, a series 
of decomposition products, phyllins (also acids) are obtained by removal 
of carboxyl groups. The final phyllin has only one carboxyl group When 
this IS removed, a substance, aetiophyllin, C.nH 34 N 4 Mg, is obtained which 
contains no oxygen (see Scheme 1, p 34). 

Another difference between the results of treating chlorophyll with 
hot and cold alkali is that in the foimer process the yellow x^ignients arc 
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destroyed If then water is added after saponification with hot alkali, 
and the solution is shaken up with ether, the ether will remain colourless 

When chloiophyll is tieated with acids, a different reaction takes 
|)lace The chlorophyll changes in colour to ohve-gieen and loses most 
of its fluorescence The magnesium of the molecule is removed, being 
rcjDlaced by hydrogen, and the resulting product is termed phaeojThytm 
(see Scheme 1, p 34). 

From phaeophytin a series of decomposition jiT'oducts have been 
obtained, which fall into two groups, the phytochlorins and the phyto- 
rhodms. The phytochlorins are olive-green m colour, and are derived 
from chlorophyll a, the plijtorhodins are red, and are derived from 
chlorophyll h The phaeophytins from the two chlorophylls are indis- 
tinguishable until the above decomposition products are obtained. 
(The original discovery of two kinds of chlorophyll was bioughL about 
by the differentiation of these decomposition products ) 

A nurnbei of phytochloiins and phytorhodms have been identified 
and are designated by letters a, h, etc By employing a uniform method 
of treatment, however, two of these products, p)hytochlonn e and jihyto- 
rhodin g, can he secured 

The phytochlorins and the phytorhodms are of course magnosium-freo 
compounds and can be obtained by the action of acid on the chlorophyllins 
and isochlorophyllms Phytochlorin e and phytorhodm in particular 
are obtained by the action of acid on isochloiophylhns, i.e. they are ' 
magnesium-froe isochlorophyllms. They are formed by the addition of 
acid to the products of saponification with hot alkali ’ 

The separation of the various phytochlorins and phytorhodms can be 
brought about by means of thoir different distribution between ether 
and hydrochloric acid • each compound can be extracted from ether 
acGOidmg to the concentration of the acid used 

Expt 21 The formation of i)hgtoQhlorm and fhytorhodin. 5 cc of an ether 
solution containing both ohloro])hylla a and 6 are evaTiorated to diynoss in a test- 
tube in a waior-hath, and the ro.siduo treated with .3 c o of boiling 30 % potash 
solution m niotliyl alcohol, and boiled gently for half a minute A liquid with a rod 
fluorescence is produced which consists of a solution of the potassium salts of 
isoehlorophyllins. The solution is diluted with double its volume of water, and 
concentrated hydrochloric aoid is added until the solution is just acid. The liquid ia 
then shaken with ether in a separating funnel . the dissociation products produced 
by tlio previous treatment pass into the ether solution which thus acquires an 
olive-brown colour. 

The ether solution is shaken twice, each time with 10 c c, of 4% hydrochloric 
aoid (sp, gr 1 02 i.o 12 9 o.o. strong acid: 87-1 c c. water), and the green-blue acid 
layer is separated and neutralized with ammonia and shaken with more ether, which 
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then contains m solution phytoclilonn e, the derivative of chlorophyll a The phyto- 
chlorm e gives to the ether an olive-green colour 

The ether layer remaining in the funnel, after the sejDaration of the gieeii-hlue acid 
layer, is now extracted with 10 c c of 12 hydrochloric acid (sp gr 1 06 i e 38 1 c c 
strong acid 61 9 c c water) The green acid solution so obtained is diluted with 
water and shaken with ether which then becomes coloured red and contains phyto- 
ihodin the derivative of chlorophyll h. 

If the phyllins are acted upon by mineral acids, they lose their 
magnesium in the same way as the chlorophyllins, and the series of 
substances obtained in this way are termed porphyrins Thus aetiophyllin 
will give aetioporphyrin OaiHsoN 4 (see Scheme 1, p 34) 

The derivatives of chlorophyll which are free from magnosiiuu, such 
as phaeophytm, phytoclilonn, phytorhodm, the vaiious porphyrins, etc 
combine readily with the acetates of some metals such as coppei, zinc 
and iron, and they form intensely coloured, stable compounds The change 
of colour is so noticeable that the smallest traces of certain metals can 
be detected in this way Hence it is very difficult to prepare the 
magnesium-free chlorophyll unless the reagents are perfectly pure and 
all contact with certain metals is avoided 

Expt 25 ^uhstituUon of coppei fo^ magnesium in chlorophyll 2 c c of «an ether 
solution of chlorophyll are shaken with a little 20 ®/o hydrochloric acid (sp gi 1 10 
1 e 62 4 c c strong acid 37 6 c c water), and then washed with water in a sopaiating 
funnel In this way is produced in ether solution the magnesium-free eliloroi)hyll 
derivative, phaeophytm The solution is evaporated down on a water-bath, and the 
residue dissolved in 5 c c of alcohol The solution is olive-green in colour This is 
heated and a gram of cox^per acetate or zmo acetate is added The colour changes 
back to a brilliant green, but without fluoiescence (if all the chloroi)hyll has boon 
converted into phaeophytm), 

tH 

From the results of these recent investigations, it is now possible' to 
write formulae for the two chlorophylls as follows . 

chlorophyll a (CjalHgoO N4lVIg) (COOCH.,) (COOCaoHgo) 
chlorophyll 6 (CeHasOgNiMg) (COOCHg) (COOCaiH.,,,) 

from which it will he seen that the phytol component amounts to oiio- 
third of the weight of the chlorophyll 

From the analyses of chlorophylls from different plants, it was found 
that the phytol content varied, and plants which yielded little phytol 
most readily produced “crystalline chlorophyll,” a form of the pigine'ut 
which has been known for some considerable time to previous workers. 
The Cow Parsnip {H&raolewn Sphondylvim), Hedge Woundwort (Stachys 
sylvatica) and Hemp-nettle (Qaleopsis Tetrahit') are plants which readily 
give crystalhne chlorophyll. In this connexion it has been suggested 
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that the chlorophyll in plants is acconipamecl by an enzyme, chloiophyl- 
lase, which, in alcoholic media, brings about alcoholysis of the chlorophyll, 
and replaces the phytyl by the ethyl radicle The pioducts, foimeily 
known as crystalline chlorophyll, are now termed cKlorophyllides 

joON^Mg) (COOCH j) (COOCooH j,,) + C.Hr.OH 

= C2,)H k)OH + (C {oO N^M g) (COOCH3) (COOC^Hn) 
Phytol Ethyl chlorophylhde 

' Similar chlorophyllides are produced bj^ other alcohols In aqueous 
solutions chlorophyllase bungs about hydiolysis and the free acid 
chlorophylhde is formed (see Scheme 2, p 34)* 

(CiyHjoON^Mg) (COOCHj) (COOC^^^H + HP 

«Co,)Hji,OH-|-(Cj2H.,„ON4lVIg;(COOCHP(COOH) 

Ubloropliyllide 

Chlorophyllase is a very stable enzyme , it is not oven destroyed by 
boiling in alcohol for a short time, but if leaves are boiled in water, the 
enzyme is dostioyed 

Ex'pt 20 Micro^coino examination of ethyl chlo) ophyllide Prepare sections of 
flesh Ilemdeum leaves and mount them iii a drop of 90 7o alcohoL Leave the slide 
under a bell-jar containing a dish of alcohol The section slowly dries in the course 
of half a day or a day It is tlien ewnmod under the microscope when tlioio will be 
observed the characteristic triangular and hexagonal crystals of ethyl chloi ophyllide 
(crystalline chlorophyll) 

EoL<pt 27 Fi oduGtion of methyl chlorophylhde %% the leaf Sections may be used 
as m the preceding experiment, or a piece of a leaf may be employed In the latter 
case a test-tube with 4 c c of 75 <Vo methyl alcohol is taken and 1 gm of fresh leaf 
IS added, to it The loaf iirst becomes a darker green and then during the course of 
a few hours becomes yellowish, On holding the leaf to the light there can be 
observed with the naked eye a number of black points If sections of the leaf be cut 
and examined niidei the microscope, those spots appear fis aggregates composed of 
rhonibohedral crystals, occuriing m certain cells 

Expt 28 Extraction oj ethyl e hi or ophyllide Two grams of thy lleraelenm Icaf- 
powdor are left for a day m a test-tube coiitaimiig 6 cc of 90 7() alcohol The extract 
IS then filtered through a small porcohun funnel and the powder on the filter washed 
With a little acetone The filtrate is mixed with an equal quantity of otboi, and tbon 
with some water The other solution is transferred to a separating funnel and 
thoroughly washed with water, and then oonociitrated on a w<itor-bath to or i c c , 
and 3 c.c of petrol other are addoti. On standing, the oLliyl ehlorophyllide is pre- 
cipitated in the form of orystallino aggregates. It is freed from yellow pigments by 
shaking with a little ether, and can bo further puniiod by rodissolving m ether and 
precipitating again with petrol ether. 

Expt 29 . The action of chlorophyllase Fresh leaves of a species rich in chloro- 
phyllase, e g, Beracleum or Oaleopsu^ are finely divided and jiut in a 70 7(» acetone 
solution, 3 c c of solution being used for every gram of leaf-powder. The obloropliyll, 
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by means of the chlorophyllase, is hydrolyzed into phytol and the acid chlorophylhde 
This can be demonstrated after about a quarter of an hour if the solution is diluted 
with water, tiansferied to ethei and shaken with 0 05 % sodium hydroxide The 
sodium hydroxide takes up more colouring matter the further the enzyme action 
has progressed 

Eojpt 30 The desti notion oj chloi ophyllase If fresh leaves of a species rich in 
chlorophyllase are first steeped in boiling water for a few minutes befoio they arc 
placed 111 the acetone solution, unaltered chlorophyll is extracted which does not 
react with dilute alkali 


With acids — 

(C 32 H 3 oON 4 Mg) (COOCHO (COOC20H30) ^ (C} 2 H 320 N 4 ) (COOCHj) (COOC20H30) 
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By treatment with acids, magnesium is removed from the chlorophyl- 
lides, with the production of the corresponding phaeophorbides, Thus 
methyl chlorophyllide a gives methyl phaeophorbide a, etc, (see 
Scheme 2, above) 

It has been previously mentioned that water-free solvents, such as 
acetone, ether and benzene, in w^hich pure extracted chlorophyll is 
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soluble, will not extract the pigment from thoroughly dried leaves, but 
if a little water is added, it loadily goes into solution From fresh leaves 
also these solvents can extract the pigments 

As an explanation of the above phenomena, it has been suggested 
that chlorophyll in the chloroplastid is in the colloidal state, and that, 
when water is added to the dried loaf, a soJution of mineral salts in the 
leaf is formed winch <ilLeis the colloidal condition of the chlorojiliyll and 
makes it soluble. This view is sujipoitcd by the fact that if a colloidal 
solution of chlorophyll in watoi, made fiom the pure ex ti acted pigment, 
is shaken with ether, the ether remains colourless If, however, a little 
salt solution is added and the mixture shaken, the ethereal layer 
becomes green In preparing the colloidal solution the solvent, acetone, 
IS leplacod by the medium, water, m which chlorophyll is insoluble 

The condition of chlorophyll is altered by plunging the leaves into 
boiling water The jDigment is then much more readily soluble in ether, 
etc , even when the leaves arc subsequently diucd It is supposed that 
the chlorophyll has diffused out from tlie plastids, and is in true solution 
m accompanying waxy substances which have become liquid owing to 
change of temperature. 

Expt 31 Piepanition of a colloidal t^olidion of chlorophyll Take 10 c c of an 
acetone extract of chlorophyll (Expt. 18) and pour this acetone solution into a large 
volume of distilled water (100 o c.), the li(|uid being continually stirred This opera- 
tion can be most conveniently done by taking the acetone solution in a pipette and 
allowing it to run out of the pipette while the latter is used as a stirring rod m the 
watei. Note the change in colour to a purer green, and the disappearance of 
fluorescence 

&pt 32 To demonstrate the di;(ferenoe between a true and a colloidal solution of 
chlorophyll Evaporate 10 cc of an acetone extract (Expt. 18 j to complete dryness 
and tost its solubility in ether, petrol ether and beiiisene It is soluble in all three 
solvents Now add those solvonis to some of the colloidal solution prepared m the 
last experiment, and note that the chlorojihyll does not dissolve in any of those 
solvents If, however, some salt solution, o,g. a little magnesium sulphate, bo added, 
the chlorophyll is precipitated from its colloidal state and is now soluble in ether 
and other solvents. 

Expt 33. To show that chlorophyll in the plant is probably in the colloidal 
condition Some nettle powder is carefully dried, e g. by keeping it at 30-40° 0. in an 
oven, and then farther drying in a vacuum desiccator over sulphur ic acid. Small 
quantities of this dry powder are put in test-tubes, and diflteront pure water-free 
substances such as acetone, ether, bonsiene and absolute alcohol are added Note 
that those solvents are not coloured by the cliloroiihyll. It can be demonstrated that 
the extracted pigment is easily soluble in any of those substances Repeat the experi- 
ment with nettle ijowder moistened with a few drops of water, and note that the 
solvents are immediately coloured. 
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Ex<pt 34 Pure solvenU are able to exti act chlorophyll fi om fi esh leaves Crush 
10 gms of fresh leaves of nettle, horse-chestnut or elder in a mortar ^\lth some clean 
sand, and put the crushed material on a filter-paper m a poicelam funnel Add 
20 c c of xmre acetone and suck it thiough by means of a water-pumi? Repeat this 
several times The puie solvent is heie able to extract the 2 :>igmcnt 

Eccpt 35 Tieatment of fresh leaves with boiling water changes the condition of 
the chlorophyll Dry a quantity of leaves which have been 2 >nt in boiling water and 
examine their solubility as m Rx^it 33 Note that the chlorojihyll in this powder is 
soluble in ^Dure solvents 

There is finally another change which chloiophyll can undergo, 
namely that of allonierization, which takes place in alcoholic solution 
The characteristic of allomerized chlorophyll is that it does not give the 
brown phase when treated with alkali (see Expt 22) Allomerization is 
accelerated in alkaline solution but inhibited by small quantities of acid 

Expt 36 To demonstrate that allomerized chlorophyll does not give the brown 
phase test Dissolve a little crude ohloroph}"!!, obtained by evaporating an ether 
solution, in absolute alcohol To a sample of this add a little alkali, and perform the 
jihase test, from time to time, till at last the brown phase no longer ajipoars 


Connexion of Chlorophyll with Formaldehyde 

In addition to the above, another chemical property of chlorophyll 
of great interest, is that connected with the production of formaldehyde 
Those investigators, who have sought to confiim the formaldehyde 
hypothesis of carbon assimilation, have based their evidence on tests for 
foimaidehyde both in the plant and in chlorophyll- containing systems 
outside the plant By exposing films, or solutions, of chlorophyll to light 
in presence of caibon dioxide, they have detected formaldehyde as a 
result (Usher and Priestley, 5) 

The most recent investigations (Jorgensen and Kidd, 2) have shown 
that the experimental evidence is at present inadequate to support the 
hypothesis, since formaldeliyde arises from chlorophyll itself in the 
absence of carbon dioxide 

In this later work (Jorgensen and Kidd, 2) on the behaviour of ex- 
tracted chlorophyll in light, use has been made of a colloidal solution (see 
p 35) of pure chlorophyll (chlorophylls a and h) foi expeuniental work 
The solution for this purpose must be prepared fiom pure chlorophyll, 
which has been tested and shown to be free from yellow pigments, since 
the latter absorb oxygen and may confuse the issue of the expennumt. 
The pure chlorophyll is prepared by extracting dried nettle leaves with 
80-85 Yo acetone in the usual way and transferring to petrol ether (p 28). 
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The petrol ether extract is then washed with 80 Yo acetone to remove 
colourless impurities, and with 80 7o methyl alcohol to remove xantho- 
phyll Finally all traces of acetone and methyl alcohol are removed by 
washing with water This renders the chlorophyll insoluble in petrol 
ether, since it is only soluble in this solvent if traces of other solvents 
are present Hence the pigment is precipitated out as a fine suspension, 
leaving the carotin in solution. The chlorophyll is filtered off through 
powdered talc, taken up m ether, reprecipitated by petrol ether and 
finally obtained as a blue-black micro-crystalline substance The col- 
loidal solution 01 sol IS made by dissolving 0*4 gm of pure chlorophyll m 
3 c c of absolute alcohol and pouring into 300 c c of distilled water 

The advantage of using such a solution is that the experimental 
conditions, in all piobability, approach more nearty to the conditions in 
the plant, and reactions with othoi' substances take place more readily 
than when the chlorophyll is used as a film The use of puie, instead of 
ciude, chlorophyll is also important as by this means it is possible to 
determine the changes taking place in chlorophyll itself without complica- 
tions arising from the accompanying impurities The discordant results 
of various workers on this subject are doubtless duo to the employment 
of crude chlorophyll Ethyl alcohol is the best solvent for preparing 
the sol since it does not produce formaldehyde when exposed to light 
under ordinary circumstances in glass vessels Methyl alcohol and 
acetone should be avoided as they themselves either contain or give rise 
to formaldehyde 

The chlorophyll sol is electro-negative It is stabilized by weak 
alkalies, but precipitated by weak acids 

Working with such a colloidal solution the results may be summaiizcd 
as follows 

When a chlorophyll sol is exposed to hght in an atmosphere of 
nitrogen in a sealed Lube, no apparent change takes place in the chloro- 
phyll, and no formaldehyde is produced 

When exposed in an atmospheie of carbon dioxide in a sealed Lube, 
the chloi'ophyll rapully turns yellow- or brown-green In the case of 
sols of high conceuti^aLion, the colour-change is preceded by prccipitaLioii 
of the pigment. The same change takes place m the dark, only more 
slowly. No formaldehyde is produced, and no absorption of carbon 
dioxide could bo detected. The yellow product has been shown to be the 
magnesmm-froe derivative, phaoophytin, which is produced from the 
pigmeuL by the action of acids. The changes observed are explained by 
the fact that the carbon dioxide, acting as a weak acid, first precipitates 
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the sol, if concentrated, and then acts, like other weak acids, on the 
chlorophyll, producing phaeophytin If the solution is kept neutial by 
addition of sodium bicarbonate, there is no coloui change The identity 
of phaeophytin was shown by the spectrum and by the restoration of 
colour on adding a trace of copper acetate 

When exposed to light, and the atmosphere m the sealed tube is 
replaced by oxygen or air, the chlorophyll turns yellow- or brown-green 
as before and then bleaches The change of colour from green to yellow 
or brown is again due to'the formation of phaeophytin, this being brought 
about by the presence of an acid substance, which is produced duimg 
bleaching, and increases throughout the process Foimaldehyde can be 
detected in a very slight amount during bleaching, but is formed in 
much greater quantity after bleaching is complete 

It IS suggested that the formaldehyde is produced by the oxidation 
and breaking down of the phytol component of the chlorophyll 
CH3— CH-CH-CH— CH— CH— CH— CH~C = C— CH2OH 

I I I I I I I I I 

CH3 CH3 CH3 CH3 CH3 CHj CH3 CH3 CH3 
There is no reason for ascribing to any of the above reactions any 
part in carbon assimilation Theie is at present no hypothesis, supported 
by satisfactory evidence, as to the process of carbon assimilation 

Bcopt 37 Detection of famaldehyde ab a product of oxidation of chlorophyll 
Extract 2 gms of dried nettle leaf powder with 20 c c of 80 % acetone and transfer 
it to petrol ether as in Expt 18 Then shake the petrol ether extract four or live 
times with an equal volume of 80 % acetone to remove colourless mqiurities Next 
the petrol ether extract is similarly shaken up with 80 7o methyl alcohol which 
removes the xanthophyll This should be repeated until the methyl alcohol is 
colourless The petrol ether is finally washed repeatedly with watei to remove traces 
of acetone and methyl alcohol The chlorophyll is in time precipitated as a fine 
suspension, being insoluble in pure petrol ether This suspension is filtered through 
either kieselgiihr or powdered talc on a small jiorcelain filter The chlorophyll is 
extracted fiom the powder on the filter with as small a quantity as possible of 
absolute alcohol This alcoholic solution is then poured, with constant stirring, into 
100 c c of distilled watei by which means a colloidal solution of clilf)roi)hyll is 
obtained 

The test to he enqiloyed for formaldehyde is as follows (Schryvor, 4) To 10 c,c of 
the liquid to be tested add 2 c 0 of a 1 % solution (freshly made) of phenylhydrazme 
hydrochloride, 1 o c of a 5% solution (freshly made) of potassium femeyamde and 
c c of concentrated hydrochloric acid If formaldehyde is present a pink to 
magenta colour is developed, either deep or pale, according to the quantity of form- 
aldehyde The reaction is due to the formation of a condensation product of 
formaldehyde and phenylhydrazine, and this com].)ound, on oxidation, yields a weak 
base forming a coloured salt with concontiated hydrochloric acid Tlie salt is 
readily dissociated again on dilution of the solution 



IV] CAKBON ASSIMILATION 39 

Two modifica.tionis (Schiyvor, 4) Ccaii bo ddoptecl m applying this test Fust, in 
testing foi foimaldehydo in pigmented solutions, the following courHC i*an be pursued 
The icaction mixture, after addition of phcnylhydrazme, fenicyanide and ]iydro~ 
chloric acid, is diluted with water, and other is added in a separating funnel The 
hydrochloride of the chromatogenic base is dissociated and the base is taken up by 
the ether The aqueous solution is run oh, and on addition of strong hydrochlorie 
acid to the ether, the base passes into the acid as a coloured hydrochloride again 
By using a. small quantity of acid, the sensitiveness of the test is increased, since the 
colour IS now distributed tb rough a small quantity of Inpiid only 

The second niodilication consists in warming the solution to bo tested for 
a short time with the phenylhydrazine hydiochloride before adding the other 
reagents In this way, formaldehyde can also be detected if it should be in a poly^ 
mcrized form 

As a control, 10 c c of the colloidal solution of chlorophyll should be tested, 
using both the above modifications The remainder of the solution should be 
exposed to sunlight (or the light from either an arc or mercury vapour lamp) m a 
loosely corked vessel, until it is completely bleached The bleached solution, on 
testing, will bo found to give a positive tost for formaldehyde 


The Yeleow Px^astid Pigments 

These have ah early been mentioned m connexion with the leaf 
pigments (pp 28 and 29) In addition, however, they have a further 
significance in that they constitute the pigments, located m plasiids, 
of most yellow and orange flowers and fruits Sometimes also they occur 
in other organs, i e root of Carrot (carotin). 

Carotin, CioHmij is unsaturated hydrocarbon It crystallizes m 
lustrous rhombohedra which are orange-red by transmitted and blue by 
reflected light. It is readily soluble in chlorofoim, benzene and carbon 
bisulphide, but with <Ufficulty in petrol ether and ether 

One of its most characteristic properties is that it readily undergoes 
oxidation in air, and becomes bleached With concentrated sulphuric 
acid it gives a deep blue colour. 

Xanthophyll, C4oH{5(j02, also forms yellow crystals with a blue 
lustre. It IS soluble m chloroform and other, but msolublo in petrol 
ether. It is more soluble than carotin in methyl alcohol It gives 
a blue colour with sulphuric acid, and also oxidizes in air with bleaching 

The sepal ation of the two pigments (see Bxpt 21) is based on the 
fact that m a mixture of petrol ether and methyl alcoho*! containing a 
little water, the carotin passes entirely into the petrol ether, whereas the 
greater part of the xanthophyll rema.ins m the methyl alcohol layer. 
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CHAPTER V 


OARBOHYDIIATKS AND THEIR HYDROLyZING ENZYMES 

The carbohydrates which occui m plants may bo classified as 
follows 

rPentosos, — Aiabmose, xylose 

Monosaccharides jHexoses, C„H,A~Glnco 3 e, galactose, 

I mannose, laevulosc 

Pisaccharides ,, {Su^^ose, maltose, CiAuOn. 

Trisacchandes {Raffinose and others. 

fPentosans, (05li804)n — Ai'aban, xylan 
j Staichcs, (C8 HioOb)ji — S tarch, dextrin, miilin 
Polysaccharides , . Mannans, galactans, gums, mucilages, 

pectic substances 
^Celluloses, (GA,Os)n 

The carbohydrates arc widely distributed in plants and form most 
important parts of their structure Those most commonly found are* 
cellulose, starch, pentosans, dextrin, glucose, sucrose, laevulose, and 
maltose Other sugars, especially trisacchandes, are known m addition 
to those mentioned above, but they are somewhat restricted and specific 
in their distribution 

As in the ca je of the proteins, so wifch the carbohydrates, the molecules 
of the more simple and soluble crystalline compounds, such as the 
monosaccharides, are synthesized into more complex molecules which 
exist, either in the colloidal (dextrin), or insoluble state (starch, cclluloso) 
The lasVmentioned build up parts of the solid structure of the plant 
The resolution of the solid complex substances into simple ones is 
known in many instances to be bi ought about in the plant by enzymes, 
and it is highly probable that the synthesis of the complex from the 
simple IS also controlled by these enzymes 

The most commonly occurring sugars m plants arc glucose, laevulose, 
sucrose and maltose sucrose is hydrolyzed by the enzyme, mvertase, 
into one molecule of glucose and one molecule of laevulose * maltose by 
the enzyme, maltase, into two molecules of glucose Both ^nvortase and 
maltase are widely distributed, The connexion between various sugars 
and photosynthesis, and their ml er-relationships with each other in the 
leaves, are reserved for another section. 
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Of the polysaccharides, cellulose is univei sally distributed in higher 
plants and constitutes the gieatei part of the cell-walls The pentosans, 
galactans and inaimans also, but to a lessei degiee, are components of 
their stnictuie Starch, m addition, is veiy 'v^idely distiibiited it is 
conveited by the enzyme, diastase, into dextrin and maltose, and possibly 
the same enzyme also contiols its synthesis In some plants no starch 
IS formed, and its place m metabolism is taken by miilin or cane-sugar 

The vaiious carbohydrates will first be dealt with m detail, and later 
their inter-relatKUiships will he considered 

Monosaccharides 

These are teimed tetioses, pentoses or hexoses accoiding to the 
number of carbon atoms in the molecule. They contain primary 
(— GH>OH) or secondary (= CHOH) alcohol groups, and either an 
aldehyde (— CHO) group, as in glucose, oi a ketone (= C= 0) group, as 
in laevulose They aie, as a class, white ciystalhne substances, soluble 
in water and aqueous alcohol, but insoluble in ether, acetone and many 
other organic solvents They are capable of certain characteristic 
chemical reactions which form a basis for then detection and estimation. 
One of the most important is that connected wuth the aldehyde and 
ketone groups, owing to which they act as reducing agents, being them- 
selves oxidized The reducing action usually employed is that which 
takes place with copper salts m hot alkaline solution, wheieby cuprous 
oxide IS formed. Hence they ai-e termed “reducing” sugars. Another 
importcint reaction is the formation of crystalline osazones (only in the 
case of sugars with aldehyde or ketone gioups), which, by virtue of 
their melting points and characteristic crystalline forms, constitute, in 
several cases, \aluable tests for the presence of sugars 


Pextose,% 

These sugars contain five carbon atoms, and have the general formula 
C^Hi^Os. They are said to be present m the free state to some extent 
in leaves (Davis and Sawyer, 10) In plants they occur chiefly, however, 
as condensation products formed with elimination of water. These 
pmducts are termed the pentosans, and are widely distributed, on 
hydrolysis they yield pentoses again The various gums found in plants 
consist largely of pentosans, and the pectins also contain pentose groups, 
both consequently yield pentoses on hydrolysis (see pp 61 and 64). 
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If we examine the stiuctiiral foimiula of a pentose, as for example, 
arabinose 

H— C = O 

I 

HO— C*— H 

I 

H— C^-OH 

j 

H OH 

I 

H—C— H 

I 

OH 


we see that each of the three carbon atoms marked ^ is united to four 
different atoms or groujis of atoms Each of these cai’bon atoms is there- 
fore asymmetric, and, with regard to it, there arc two possible isomers 
(see p 9, Cole, 3, for stereoisomerism) It will be found on examination 
that there are eight possible isomers of the formulae given above 
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unknown 



Of bhosc only seven have been isolated. The bwo pentoses which 
occur in plants are ^-arabinose and i-xylose These, however, are known 
almost solely as condensation products, pentosans, m gums, woody tissue, 
etc The pentoses form osazones (sec p 49 for reactions and composition). 

Arabinose. Thfe sugar occurs as the pentosan, araban, in various 
gums, such as Cherry Gum, Gum Arabic, etc (sec p 45). 

Some of the properties and reactions of the pentoses are demonstrated 
in the following experiments 
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Esspt 38 Tests for arahinose For reactions a-e use a 1 % solution of arabmose 
for reaction / a 0 2 ^/o solution 

If pure arabmose is not available, a solution for tests a, b and c can be prepared 
from gum arabic Boil 5 gms of the gum in 100 c c of water with 10 c c of con- 
centiated hydrochloric acid foi 5 minutes and then neutralize to litmus with alkali 
Such a solution is only suitable foi the specific tests for arabmose, since it also 
contains galactose (see p 61) For tests a, b and c small pieces of solid gum arabic 
may even be used 

(a) Heat a few c c of the sugar solution m a test-tube with about half its volume 
of concentrated hydrochloric acid In the mouth of the test-tube iilace a piece of 
filter-paper soaked with aniline acetate (made by mixing equal quantities of aniline, 
water and glacial acetic acid) A x>ink colour will be produced in the paper This is 
due to the fact that furfural is formed by the action of the acid on the pentose, and 
the fuifural then gives a red colour with aniline acetate solution 

OH H 
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II 
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CH— CH— OH .un - 
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Tins reaction, however, is also given by the hexoses but to a much less 
extent 

(b) Warm a few c c of the sugar solution with an equal volume of concentrated 
hydrochloric acid in a test-tube, and add a small quantity of iihloroglucin A bright 
red coloration is produced 

(c) To a few c c of the siigai solution m a test-tube add an equal quantity of 
concentiated hydrochloric acid, and then a little solid orcinol Divide the solution 
into two equal portions. Heat one xiortion The solution will become red changing 
to violet and finally blue, blue-green or green To the other X)ortion, after heating for 
a time, add a few drojis of 10% ferric chloride solution A decji green colour is at 
once produced In hotli cases, on the addition of a little amyl alcohol, the green 
colour will he extracted by the alcohol 

(d) a-Nax)hthol reaction Add to a little of the sugar solution a few drops of a 
1 % solution of a-nai)hthol in alcohol Mix the two solutions and then run m about 
5 c c of concentrated snliilmric acid down the side of the test-tube A Molei colora- 
tion IS jiroduced at the junction of the two liquids. The coloration is duo to a 
condensation jiroduct of a-nax)htliol with furfural, the latter being formed by the 
action of the acid on the carbohydrate This leaction is likewise given by laovuloso 
and cane-sugar (since it yields laevuloso, see p 62), and loss siiongly by glucose and 
maltose , also by some xjiotems whicli contain a carbohydrate groux) 

(e) Boil a little of the arabmose solution with a few droxjs of Fehling’s solution 
Reduction will take xdace 

( / ) Make the osazone of arabmose following the instructions given for glucosazone 
(see x^ 49) 
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A solution of tirabinoso which will give the pentose reactions can also 
bo obtained by hydrolysis of Cherry Ginn The gum oozes from the bark 
of vaiious species of Pnivus, such as the Cheriy {Primus Gerasus) and 
the Bird Cheriy (P Padus) 

Eapt 39 Frapa'i ation ofai ahvium solution p om Cherry Gum The gum is heated, 
on a water-bath in a round-bottomed flask fitted with an air condenser with 
dilute suliflimic <icid (1 pt by wt of gum 7 pts by wb of 4% bulpliuric acid) lor 
about 5 horns The solution is then neutralized with calcium caVbonate and flltoied 
Pci form the tests h and g of Expt 38 on the solution A positive lesult is obtained 
in each case Since the solution contains other sugais as impurities, it cannot con- 
clusively be used for tests o?, e and J If a considerable tpiantity oi gum is available, 
crystallization of arabmose should be attempted by concentrating the acpicous sugar 
solution, extracting this with 90 7o alcohol and again couccutiatmg m a desiccator 
(see p 53) If a very small quantity of gum only is available, the tests h and v 
should bo performed directly on a small piece of the gum in a test-tube 

A purer preparation of arabinoso, which may bo used for all the tests 
of Expt 38, can be obtained by the hydrolysis of araban (sec Expt 48) 

Xylose This sugar occurs very widely disti ibuted in woody tissue as 
the pentosan, xylan (sec p 53). A solution of xylose which will give the 
pentose reactions can be obtained from the hydrolysis of stiaw 

Expt -10 Frepai ation of xylose solution from st) aiv Take about 50 gms of straw , 
which has been efit up into small pieces, and put it into a round- bottomed flask 
fitted with an air condonsor Add sufficient 5 % sulphuric acid to cover the straw 
and heat on a water-bath for 2-3 hrs Filter off the solution, neutralize with 
calcium caibonate and filter again Make with the solution the tests a and e of 
Expt 38 The solution will also reduce Foliling’s solution strongly, but this reduction 
may be partly due to other sugars formed m the hydrolysis 

The presence of xylan giving the pentose roaotions can also bo demonstrated in 
straw, bran or sawdust by merely heating small quantities of these substances in a 
test-tube with the above I’oagents (see Expt 49) 

A purer solution of xylose can be obtained from the hydrolysis of 
xylan (see Expt 51). 

When xylose is oxidized with bromine, it yields xylonic acid which 
has a characteristic cadmium salt. The formation of this salt is used as a 
method for identifying the sugar (see Exjit 51) 

IlEXimcs, 

Glucose. This substance, which is also known as grape-sugar, is very 
common and very widely distributed m plants. It occurs in the tissues 
of leaves, stems, roots, flowers and fruits It is produced as a result of 

1 1 e a wide piece of glass tuhmg ahoufc 3 ft Jong passing through the ooxk 
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the hydrolysis of cane-sugar and maltose, and, in all probability, is the 
first sugar synthesized from carbon dioxide and water Its synthesis and 
its relationships to other sugars will be discussed later (see p 69). It is 
a white crystalline substance, readily soluble in water and aqueous 
alcohol, but only slightly soluble in absolute alcohol 

If, as m the case of a pentose, we examine the structural formula for 
a hexose, such as glucose 

H— C = 0 
H— C*— OH 
HO— C*— H 

L 

H— C*— OH 
H— C*— OH 

I 

H— C— H 

I 

OH 

we see that there are foui carbon atoms marked * which are united 
to four different groups of atoms It will be found m this case that there 
are sixteen possible isomers 

CHO CHO OHO • CHO 

I I ! I 

H— C— OH HO— C— H HO— C— H H— C— OH 

I I I I 

H— C— OH HO— C— H H— C— OH HO— C— H 

I I I I 

HO— C— H H— C — OH HO— C— H H— C— OH 

I I I I 

HO— C— H H— C— OH HO— C — H H— C— OH 

I I I I 

CH2OH CHgOH CH2OH CHsiOH 

^Mannose c^-Mannosc Z-Glucoso rf-GHucoso 

CHO CHO CHO CHO 

I I I I 

HO— C— H H— C— OH H— C— OH HO— C— H 

I I I I 

H— C— OH HO— C— H H— C— OH HO— C— H 

I I I I 

HO— C— H H— C— OH HO- C— H H— C— OH 

I I I I 

H— C— OH HO— C— H H— C— OH HO— C— H 

I I I I 

CH2OH CH2OH CH2OH CH2OH 

Z-Idobo d-Idose Z-Gulose d-Gulosc 



y] 


HYDROLYZING ENZYMES 


47 


CHO 

CHO 

CHO 

1 

CHO 
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H— C— OH 
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1 

-0- 

i 

0 

X 

1 

HO— C—H 

1 

HO— C—H 

1 

H— C— OH 

HO— C—H 

1 

1 

H— C— OH 

1 

1 

CHjOH 

1 

CHyOH 

1 

CH2OH 

1 

CHpH 

^-Galactose 

^i?-Galact()sc 

^-Taloso 

(f-Talose 

CHO 

CHO 

CHO 

CHO 

1 

1 

HO— C—H 

1 

H— C— OH 

1 

1 

H— C— OH 

1 

1 

HO— C—H 

1 

1 

HO— C—H 

X 

0 

1 

-0- 

1 

X 

X 

0 

1 

-0- 

1 

X 

I 

H— C— OH 

1 

1 

HO— C—H 

1 

OH 

1 

HO— C—H 

I 

1 

H— C— OH 

X 

1 

-0- 

1 

0 

X 

X 

0 

1 

-0- 

1 

X 

X 

0 

1 

-0- 

1 

I 

1 

H— C— OH 

1 

CHoOH 

CH20H 

Those four uni 

1 

CH2OH 

blown 

1 

CHgOH 


Though many of the above sugars have been synthesized artificially, 
only three are known to occur naturally, i e d-glucose (dextrose or grape- 
sugar), c2-mannose and d-galactose 

Since compounds containing asymmetric carbon atoms are optically 
active, i.e can rotate a plane of polarized light, it follows that the sugars 
under discussion arc optically active 
d!-glucose is dextro-rotatory 

When either d- or i-glucosc is first dissolved m water, it is chemically 
less active than would be expected of the aldehyde form depicted above. 
This IS explained by assuming that glucose, when first dissolved in water, 
exists m the condition of a 7-lactone 

H-— ' 

H— 

HO— 

I 

H— c— OH 



CH2OH 
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In the above state the carbon atom marked ^ is also asymmetiic so 
hat two forms of glucose are possible, a- and /3-glucose 

HO—C^H 

HO— C— H 
H-C 
H— C— OH 

I 

CH2OH 

a-Glucose 

In solution, both the above forms pass by tautomensm into the 
klehyde form 

In the plant there are, as will be described latei (p 142), many aromatic 
id other compounds containing one or more hydroxyl groups These 
ydroxyl groups of the aromatic substances are frequently replaced by 
glucose (or other sugar) molecule, and such compounds arc termed 
lucosides, as, for instance, salicin, the glucoside of salicylic alcohol which 
3curs m Willow bark (see p 162) 

H 


HC CH 



CH2OH 

Saliom 

These substances, moreover, may be classified either as a- or /3- 
ucosides according to which of the above a or /9 forms of glucose 
mbme with the lesidual part of the compound Various glucosides will 
j dealt with m Chaps vil and IX. 

Exjpt 41 Test^ for glucose. Before dealing with the sugars actually isolated from 
e plant, it is advisable that the following tests and reactions should bo pcrfoimod 
th pure glucose using a 0 2 % solution- 

{a) Moords test Boil a little of the glucose solution with an equal volume of 
ustic soda solution A yellow colour is developed which is due to the formation of 
jondensation product (caramel) of the sugar. 


H— C— H 



CHjOH 

/3-Glucose 
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{h) Trommer\<i test Add a few drops of a 1 % copper sulphate solution to 2-3 c c 
of 5 o/q caustic soda solution A blue precipitate of cupric hydroxide is foimed Add 
now 2-3 cc of the glucose solution, and the piecipitate will dissolve On boiling, 
the blue coloiii disappears, and a yellow or red precipitate of cuprous oxide is formed 
If only a little sugar is present the blue colour will disappear, but no oxide may 
be formed 

(c) Fehlingh test Boil a few c c of freshly made Fchling’s solution m a test-tube 
and note that it is unaltered Then add an equal quantity of the glucose solution 
and boil again A red piecipitate ol cuprous oxide is formed 

id) Oscuone test Take 10 c o of a 0 5 % solution of glucose in a test-tube and 
add as much solid phenylhydrazme hydrochloride as will lie on a sixpenny jiiece, 
at least twice as much solid sodium acetate and also 1 c c of strong acetic acid 
Warm gently until the mixture is dissolved and filter into another test-tube Then 
place the tube in a beaker of boiling water for at least hour, keeping the water 
boiling all the time Let the test-tube cool slowly, and a yellow crystalline deposit 
of phenylglucosazone will separate out Examine this undei the microscope and it 
will be found to consist of fine yellow needles variously aggregated into sheaves and 
rosettes Glucosazone melts at 204-205° 0 

The osazone reaction takes place as follows 

CH^OH (CHOHX^CHO-l-HaN ‘ NHCoHr,=CH20H (CHOH)4CH N NHC{,Hg-}- H 2 O 

Glucose phenylhydrazone 

The phenylhydrazone is very soluble, but if an excess of phenyl- 
hydrazme IS used, a second hydrazine complex is introduced and an 
insoluble osazone is formed 

CH20H(CH0H)3— C— CH N NHCoHg 
N-NHCoHg 

Glucose reacts m this way by virtue of its aldehyde group Phenyl- 
hydrazme hydrochloride does Hot give an osazone when boiled with 
glucose unless excess of sodium acetate be added This acts on the 
hydrochloride to form phcnylhydrazinc acetate and sodium chloride 

Galactose. Galactose rarely, if over, occurs Iree m plants, though it 
is fairly widely distributed in the form of condensation products, the 
galactans, m combination xvith other hexosos and with pentoses (see p 60). 
These galactans form constituents of various gums, mucilages, etc. 
Agai'-agar, which is a mucilage obtained from certain genera of the Red 
Seaweeds (Rhodophyceae), yields a high percentage of galactose on 
hydrolysis with acids Galactose also occurs as a constituent of some 
glucosides from which it may be derived on hydrolysis. 

One of the most important reactions of galactose is the formation of 
mucic acid on oxidation with nitric acid. Mucic acid is practically 
insoluble in water and separates out as a crystalline precipitate on 

nournio' thp nmHnpf.Q nf nYirliafinn 
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Ex'pt 42 Prepa'i ation of galactose from agar-agm Weigh out 50 gms of agar- 
agar Put it into a round- bottomed flask fitted with an air condenser (see p 45) 
Add 500 c c of 2 7o sulphuric acid and heat on a water-bath for 4hr& Neutralize 
the solution with calcium carbonate and filter Concentrate on a watei-bath to a 
syrup On standing, crystals of galactose will separate out Then add a little 50-75 
alcohol and warm gently on a water-bath By this means much of the dark-coloured 
product will go into solution and can be poured off leaving the crystalline lesidue 
Take up this lesidue in a little hot vater, boil well "with animal charcoal to decolorize 
the solution and filter Goncentiate again on a water-bath On cooling, coloiuless 
prisms of galactose will sepaiate out 

Expt 43 Oxidation of galactose to mnoic acid HCfit the galactose obtained in 
the last experiment with nitric acid (1 gm galactose to 12 c c of nitric acid of sp gr 
1 15 , 1 e 5 pts of concentrated acid and 12 jits of water) on a water-bath, until the 
liquid is reduced to one-third of its bulk Then pour the jiroduct into excess of 
distilled watei On standing (for a day oi two), a white sandy microcrystalhne preci- 
pitate of mucic acid will separate out 

Mannose. Mannose has not been detected free in many plants, but 
IS widely distributed as condensation products, the mannans, in certain 
mucilages and in the cell-walls of the endosperm of various seeds 
(see p 59) From the mannans the sugai can be obtained by hydrolysis 
On adding phenylhydrazine hydrochloride and sodium acetate to a 
solution of mannose, the phenylhydrazone, which is neaily insoluble in 
watei, IS formed almost immediately and hence constitutes a ready 
method for the detection of the sugar 

Laevulose. This sugar, which is also termed fructose, is widely 
distributed in plants, in the tissues of leaves, stems, fruits, etc It is 
formed, together with glucose, in the hydrolysis by acids of cane-sugar. 
The original cane-sugar is dextro-rotatory, whereas laevulose is more 
laevo-rotatory than glucose is dextro-rotatoxy , hence the mixture from 
the hydrolysis is laevo-rotatory and is known as invert sugar, the change 
being termed inversion The same hydrolysis is brought about by the 
widely distributed enzyme, invertase The polysaccharide, inulin, also 
yields laevulose on acid hydrolysis Laevulose is a white crystalline 
substance, soluble in water and alcohol Unlike glucose, it contains a 
ketone instead of an aldehyde group 

CHgOH 
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Laevulose reduces Fchlmg’s and other copper solutions It yields 
the same osazone as glucose with phenylhydrazine hydrochloride and 
sodium acetate It also forms an osazone with methylphenylhydrazine 
(m.p 158° 0 ), a reaction which constitutes a distinction from glucose 
since the latter gives no osazone with this substance. 

Esc^t 44 TeUh foi laevulose Tho following tests should be xierformed with a 
0 ia 'Vo solution of laevulose in the same way as for glucose (see p, 48) 

{a) Mooi is test A x>ositive i esult is obtained 
{h) T'} ommeis test A positive result is obtained 
{c) Fehltng^s test Reduction takes iilace 

{d) Osazone test Note that tho ciystals are identical with those formed from 
glucose 

{e) a-Naphthol test (sec j) 44) A strong reaction is given 

(/) Seliwanofs test To 5 cc of SoliwanojQPs solution (x)repaied by dissolving 
0 05 gm of resorcinol in 100 cc of 1 m 2 hydrochloric acid) add a few drops of 
laevulose solution and boil A red coloration and a rod xirocipitato are formed Add 
a little alcohol and the precixntato forms a rod solution 

Disacciiarides. 

These sugars are formed from tho monosacchaiides by condensation 
with elimination of water By boiling with dilute acids, or by the 
action of certain enzymes, they are hydrolyzed into monosaccharides 
The two most important disaceharides found in plants are maltose and 
cane-sugar 

Maltose. Maltose or malt-sugar, though it probably occurs in smallei 
(Xuantities than glucose and laevulose, is widely distributed in plant 
tissues It IS formed in the hydrolysis of starch, and its relationships in 
the plant to starch and to other sugars will be considered later. It is a 
white crystalline substance soluble m water and alcohol In constitution 
it IS a glucose-a-g]ucoside • 



CHsOH 

Maltose 

It reduces Fehlmg's solution, but less readily than glucose. With 
phenylhydrazine hydrochloride and sodium acetate it forms an osazone 
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(iXL p 206° C ); which IS more soluble than glucosazone and crystallizes 
in broader flatter needles Maltose is dextro-rotatory. 

Expt 45 Tests for maltose The tests ct, 5, c and e should be performed with a 
0 2 solution of maltose , test d with a 2 o/q solution (see also glucose, p 48) 

(a) Mooids test A positive reaction is given 

(?>) T) omone't h test A positive reaction is given 

(c) Fehhngh test Reduction takes jilace, but less strongly than with glucose 

(d) Osazone test Take 10 c c of the solution and treat as foi glucosazone The 
crystals of maltosazone will be found to be much bioader than those of glucosazone 

(e) Eyd') olysis Take 20 c c of the sugar solution and add 2 c c of concentrated 
hydrochloric acid Heat in a boiling water-bath for half an hour Neutralize and test 
for the osazone Glucosazone wull be formed 

Sucrose. Sucrose or cane-sugar is very widely distiibuted in plants, 
in leaves, stems, roots, fruits, etc It is a white substance which crystal- 
lizes well, and is soluble in water and alcohol As previously stated it is 
hydrolyzed by dilute acids and by invertase into one molecule of glucose 
and one molecule of laevulose. It is formed by the condensation of 
glucose and laevulose with the elimination of water. Its constitution is 
in all probability as follows 

o 



CH 2 OH O (CHOH), CH CHmOH 

/ 

o 

/ 

CH (CH0H)2 ch CHOH CHjOH 



o 


so that both the ketone and aldehyde groups are rendered inactive It 
does not reduce Fehlmg’s solution and docs not form an osazone It is 
dextro-rotatory 

Eixyt 46 Tests for cane-sugar The following tests should be made with a 1 
feolution of pure crystalline cane-sugar (see also glucose, p 48). 

(a) Mooi dh test A negative result is obtained 

(5) Pehlmg^s test No reduction takes place 

(c) a-Naphthol test A positive result is given since sucrose yields laevulose 

(d) Hydrolysis To a few c c of the solution add a drop of strong sulphuric acid 
and boil for two minutes Then neutralize with caustic soda using litmus as 
indicator Boil again and add Fehhng’s solution drop by drop. A reduction takes 
place owing to the inveision of the cane-sugar by sulphuric acid 

(e) Selvioanoifs test A jiositive result is [obtained owing to the liberation of 
laevulose. 
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Polysaccharides. 

These substances are formed by condensation, with elimination of 
watei, jfrom more than three molecules of monosaccharides 


Pjejsttosans 

It has already been mentioned that condensation products of the 
pentoses, the pentosans, are widely distributed The two most frequently 
occurring pentosans are xylan and araban. No enzymes are known 
which hydrolyze the pentosans It is characteristic of xylan and araban 
that they form copper compounds in Fohling’s solution in presence of 
excess of alkali 

Araban This pentosan may be regarded as a condensation product 
of arabinose as already indicated It occurs m various gums (Gum 
Arabic, Cherry Gum) frequently in combination with othe^ substances 
On hydrolysis with acids, araban yields arabinose (See also gums and 
arabinose ) 

Ba:pt 47 Preparation of amban from Gum AmUe (Salkowski, 27 ) Weigh out 
20 gms of gum arable and dissolve in 500 c c of warm water m a large evaporating 
dish. Then add 200 c c of Fehlmg’s solution and excess of caustic soda solution 
The araban will bo prociiDitatcd as a white gummy mass which will settle at the 
bottom of the dish. Filter off through muvslin Take up tlie precipitate in dilute hydro- 
chloric acid (1 pt of acid 1 pt of water), and then add alcohol The araban separates 
out as a white precipitate Wash away the copper chloride with alcohol 

Bapt 48 Hi/drolym of araban The araban from the last exiieriuient is put 
into a round-bottomed ffask with about 200 c.c of 2 *^/o sulphuric acid and heated on 
a water-bath for 2 hours, the flaslc being lilted with an air condenser (see p. 45) 
Then neutralize the liquid with calcium carbonate, lilter from calcium sulphate, and 
concentrate on a water-bath. The sugar is extracted from the syrup with 90 % alcohol 
Arabinose crystallizes with difficulty but the process may be facilitated by sowing 
the concentrated alcoholic solution with a few crystals of arabinose. Some of the 
solution of arabinose should bo tested with all the tests given in Fxpt 38 

Xylan. This pen-losan occurs in lignified cell-walls, and is Ihe chief 
constituent of “wood gum.” It is found in the wood of many trees (not 
Coniferae), in bran, in wheat and oat straw, in maize cobs, in the shells 
of coconuts and walnuts, in the testa of the cotton {Gossypium) and in 
many other tissues also in some gums. On hydrolysis, xylan yields 
xylose, hence wood shavings, bran, straw, etc , will give the pentose reac- 
tions on hydrolysis 
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Expt 49 Detection of pentose from pentosans in haoi, saiodust and straw Take 
a small quantity of bran and boil it up several times with 98 ^/o alcohol, filtciing off 
the alcohol after each treatment This should remove any sugars or glucosides 
present Allow the alcohol to evaporate off from the bran, and then make the 
following tests foi pentoses (see Expt 38) 

(а) Heat, for about one minute, a small quantity of the bran m a test-tube, with 
sufficient concentrated hydrochloiic acid to cover it Care should be taken not to 
char the material Then add as much solid orcinol as will lie on the tip of a pen- 
knife Heat gently again for a few seconds Then add one or two drops of strong 
ferric chloride solution , a green coloration will be produced Add amyl alcohol and 
the green colour will pass into the alcohol 

(б) Heat again another portion of the bran with the same quantity of concentrated 
hydrochloric acid in a test-tube, but this time heat more strongl}’- Aftei heating a 
few minutes place a piece of filter-paper soaked in a solution of aniline acetate m the 
mouth of the test-tube A cherry-red coloration will denote the formation of 
fprfural 

The above method and tests with bran may be repeated in exactly the same way 
using sawdust or straw 

Expt 60 Piepaiation of xylan from sawdust Extract one kilo of sawdust with 

4 litres of 1-2 ammonia solution for 24 hrs Then filter off the ammoniacal solution 
through muslin and repeat the extraction The xylan is insoluble in ammoniacal 
solution, and in this way colouring matters are removed Finally wash the sa'wdust 
well with water and press dry from the liquid Then add to the sawdust sufficient 

5 °/o caustic soda solution to make a thick mush (about 1 000-1500 c c ) and allow it 
to stand for 24 hrs in a warm place The alkaline solution is then pressed out 
through calico and filtered through filter-paper To the clear filtrate add an equal 
volume of 96 ^/o alcohol which will precipitate the xylan as a sodium compound 
Filter off this precipitate, wash with alcohol, and decompose with alcohol to which 
a little strong hydrochloric acid has been added to remove the sodium The free 
xylan is again washed with alcohol, and can be dried by washing with absolute 
alcohol and ether and finally m a desiccator It is a dirty-white powder which is 
almost insoluble m water Make the tests for pentoses (see Expt 38) on a little of 
the solid xylan The reaction will be given in each case. 

Expt 51. Hydrolysis of xylan Put the xylan obtained in the last experiment 
in a round-bottomed flask fitted with an air condenser (see p 45) Add 100 c c of 
4 7o su]|)huric acid and heat on a water-bath for 4 hrs Neutralize the solution with 
calcium carbonate, filter from calcium sulphate and concentrate on a water-bath 
Test a portion for pentoses (see Expt. 38) and a positive reaction will bo obtained 
To a small quantity add also a few drops of Fehling’s solution and boil Reduction 
will take place 

To the remainder of the xylose solution add bromine (see p 45) gradually until 
there is excess Then remove the excess of bromine by warming on a water- bath 
Neutralize the solution, which contains xylomc acid, with cadmium carbonate and 
evaporate on a water-bath Extract the residue with alcohol and filter On concen- 
trating the alcoholic extract, white prismatic needles of cadmium xylonate separate 
out 
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It has been shown that pentosans, xylan and probably araban, occur 
in leaves (Davis, Daish and Sawyer, 15) It is likely that the xylan is 
widely distributed in all tissues since it forms a constituent of lignificd 
cell-walls 

Expt 52 Detection of pentoses fnmi pentosans m haves (Davis, Daish and 
Sawyei, 15 ) Take two large loaves of the Sunflower {Helianthus annvus) Tear into 
small pieces and drop into boiling 98 alcohol m a flask Boil well and filter ofl' the 
alcohol Bepeat until all the green colour is removed Then diy off the alcohol and 
guild up the leaf residue Perform the test for pentoses (Expt 38 a and c) on the 
dry leaf tissue It should give the above testa showing the presence of pentosans 

Leaves of the Violet {Viola odorata) and Nasturtium {T^opaeolum majns) may 
also be used 

Expt 53 Method for determination of pentosans in tissues^ hran and leaves, etc 
Weigh out 2 gms of bran, put it into a round-bottomed flask, add 100 o c of 12 «/o 
hydrochloric acid and fit the flask with a water condenser Heat gently over wire 
gaii25e and distil into a solution of phloroglucm in 12^/^ hydrochloric acid A green 
precipitate of furfural phloroglucide is formed which eventually becomes almost 
black For accurate estimations of pentosans this is filtered off and weighed on a 
Gooch crucible The same method may be used with leaf lesiduo as m Expt 52 


8tAR0HE8. 

Starch. This is a very widely distributed substance in plants. It 
occurs as solid grains throughout the tissues, in leaves, stems, loots, 
fruits and seeds It is absent, however, from a number of Monocotyle- 
dons, eg Iris, Snowdrop (Galanthus), Hpacinthus, etc It forms one of 
the chief reserve materials of plants, that is, it is synthesized from sugar 
when carbon assimilation and carbohydrate synthesis are in progress, and 
IS stored in the solid form in tissues as grains In other circumstances of 
the plant's existence, when material for naetabolism is not available 
from carbon asssimilation, as for instance in germinating seeds or 
growing bulbs or rhizomes, the starch is hydrolyzed into dextrin and 
soluble sugar, which is translocated and used as a basis for meta- 
bolism. During the night in leaves there is also a similar hydrolysis 
of the starch which has been temporarily stored from the excess of 
sugar synthesized during the day. 

Starch has a vexy large molecule and thus a high molecular weight It 
is insoluble m cold water When heated with a little water it gives starch 
paste, but on boiling with water it gives an opalescent ‘'solution” which 
really contains starch in the colloidal state as an emulsoid. In this con- 
cbtion it does not diffuse through dialyzmg membranes and docs not 
depress the freezing point of water. The "solution” cannot, strictly 
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speaking, be filtered, but generally, when hot, it passes td some extent 
through ordinary filter-paper. Starch is insoluble in alcohol and is pie- 
cipitated by it 

The most characteristic reaction of starch is the blue colour it gives 
with iodine solution This blue colour disappears on heating, but re- 
appears again on cooling Starch is precipitated from solution ” by 
half saturation with ammonium sulphate - it does not reduce Fehlmgs 
solution 

By boiling with dilute acids, starch is first converted into '' soluble 
starch ” which still gives a blue colour with iodine. On further boiling, 
various dextnns (see dextrms) are obtained which give either purple, 
red or no colour with iodine The final product, after piolonged boiling 
with acids, IS glucose. Hydrolysis with diastase yields dextrin and 
maltose (see diastase, p 73). 

Exjpt 54 Prepamtion of starch from Wheat Starch may ho prepared from 
cl cereal by the following method 

Take 25 gms of flour and make it up into a dough with a little water. Allow it 
to stand for half an lioui Then tie a piece of muslin over the top of a beaker which 
IS filled with watei Place the dough on the tof) of the muslin and rub it gently with 
a glass rod The starch will be separated from the gluten, and will bo washed 
through the muslin and on standing will sink to the bottom of the beaker Allow 
this to stand till the starch has settled, then decant oft the bulk of the liquid Filter 
oft the starch, and wash well with water, then with alcohol and finally with ether 
Dry in the steam-oven 

For the detection of starch m green leaves, see Expt. 77 

Expt 55 Tests for starch Take a small quantity of the starch prepared in the 
previous experiment and shake up with a little cold water m a test-tube Filter, and 
test the filtrate with a drop of iodine (in xjotassium iodide) solution. No blue colour 
IS obtained Pour a droji of the iodine solution on the residue in the filter It turns 
deep blue 

Weigh out 2 gms of the stai-ch prepared in the last experiment, and mix it into 
a thin cream with a little water Boil rather more than 100 c.c of water in an evapo- 
rating dish, and then gradually add to it the starch paste, keeping the water boiling 
all the time An opalescent “solution^’ is obtained With a few c,c of the solution 
in each case make the following tests 

{a) Add 1-2 drops of iodine solution A blue colour is obtained Pleat the solu- 
tion the blue colour disappears, but reappears on cooling 

(h) Add an equal volume of alcohol . the starch is iireeipi bated 

(c) Add an equal volume of satin ated ammoniiun sulifiiate solution the staicli 
IS precipitated, i e by half saturation with this salt 

{d) Add basic lead acetate solution . the starch is precipitated 

Erpt 56 Hydrolysis of starch To 50 cc of the starch solution prepared in tlio 
last experiment add 1 c c of strong sulphuric acid Boil for 10-20 xmnutes ni a 
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round-bottomed' flask Test a portion of tlie solution with iodine from time to time ; 
a jiurple, red or brown coloui is formed due to the dextrin produced in hydrolysis 
To the remainder of the solution after neutralization, using litmus as indicator, add 
some Fehlmg’s solution and boil Reduction takes place owing to the glucose formed 
in hydrolysis 


Bextrinb 

These compounds occur m the plant as transitory substances, since 
they are formed as intermediate products of the hydrolysis of starch by 
diastase. They are also formed on heating starch or by boiling it with 
mmeial acids (see previous experiment) The hydrolysis of starch to 
dextiins is faiily rapid, but the conversion of dextrins into maltose is 
a much slower process 

Both starch and dextrins have the same empirical formula. Various 
forms of the latter have been identified, such as amylodextriii which gives 
a blue colour with iodine, erythrodoxtrin which gives a browmsh-red 
colour with iodine, and achroodextrin which gives no colour with iodine. 
The dextrins are readily soluble in water, they are piecipitated by 
alcohol but not by basic lead acetate On hydrolysis with acids, they 
are converted into glucose 

Expt 57 F) eparation of dextrin hy hydrolym of starch (a) By diastase f om 
leaves of the Pea (Pisum sativum). Weigh out lOgms of commercial potato starch 
and make it into a solution in 250 c c of boiling distilled water as in Ex].)t 55 and 
cool Then weigh out 10-15 gins, of fresh leaflets of the l^ea {Pisuyn sativum) and 
pound them well in a mortar. Add to the pounded mass 100 c c of distilled water 
and a few drops of chloroform (see maltasc, p 76) and filter The filtrate will contain 
diastase (see also Expts 78-80) Then add the diastaso extract to the starch solu- 
tion in a flask, plug with cotton- wool and put m an incubator for 48 hrs. Tf a little 
of the liquid is withdiawn from tune to time and tested with lodmo, it will be found 
that the blue colour due to starch gradually disappears and is replaced by the 
l)rownish-rod t'olour duo to dextrin After 48 hrs there will be no trace of blue 
colour , then filter the h(pud and concentrate the filtrate on a water-bath to a syrui). 
Treat the residue with 9(3-98 ^/o alcohol and filter. A sticky mass of dexti’in is left 
which should be extracted with a little hot alcohol and then reserved for the next 
experiment To show the presence of maltose, the alcoholic extract is evaporated to 
dryness on a water-bath, the rosiduo taken up in a little water and the osazono tost 
made (see p. 49) with the solution Crystals of raaltosazone will separate out. ' 

(6) By diastase from germinating Barley (Kordeum vulgare). Grind well 25 gms. 
of barley grains in a coflee-mill Put the flour into a flask and extract with 9G-98% 
alcohol by heating on a water-hath This will largely free the gram from sugars. 
Make a starch “ solution” of the residue by boiling with 500 c c, of water and Altering 
through fine muslin. 
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Weigh out another 25 gms of barley grains and allow them to germinate by 
soaking and spieadmg on damp blotting-x3aper for 5-7 days Pound the grains well 
m a mortar, add 100 c c of water, allow to stand for 2-3 his and filtei Preciintate 
the filtrate with alcohol and allow to stand foi 24 hrs Filter off the piecipitate, 
take up m water and add it to the barley starch “ solution,” together with a few 
drops of chloroform Proceed as with (a) only the time for hydrolysis may be much 
shorter, i e 6-12 hrs 

58 Tests for de%tnii Make a solution of the dextrin prepared in the last 
exjieriment and note that it is \ery soluble m water With the solution make the 
following tests 

{a) Add a little iodine solution A reddish-brown colour is produced Heat the 
solution and the coloui will disappear Cool again and the colour will reappear 
{!}) Add an ec[ual volume of strong alcohol The dextrin is precipitated 
(c) Add an equal volume of saturated ammonium sulphate solution, i e half 
saturation with ammonium sulphate The dextrin is not j^recipitated 

id) Add some basic lead acetate solution the dextrin is not precipitated 


Inulin 

Inulm This substance occurs as a soluble "‘reserve materiar' in the 
cell-sap of the underground stems, roots and also leaves of a niimbei of 
plants, especially members of the Compositae, eg Dahlia (Dahha 
variabihs), Jerusalem Artichoke {Hebanthus tiiberosus)y Chicory {Oicho- 
Tium Intyhiis) and the Dandelion {Taraxacum officinale) It is said to 
occur also in the Oampanulaceae, Lobeliaceae, Goodemaceae, Viohiceao 
and many Monocotyledons {Hyacinthus, Ins, Muscari and Scilla) 

Inulin IS a condensation product of laevulose to which it bears much 
the same relation as starch to glucose. It is a white substance, soluble 
in water and insoluble in alcohol It crystallizes out in the cells, in 
which it occurs, in characteristic sphaero-crystals on addition of alcohol 
to the tissues. It is hydrolyzed by mineral acids to laevulose . also by ^ 
the enzyme inulase which occurs m the plant 

Erpt 59 Extraction of^inuUn Cut off the tubers from two Dalilui {Dahlia 
ranahths) plants, wash well, and put them through a mincmg macbuie OaiefuHy 
collect the liquid and the crushed tuber, and boil well with sufficient, water to cover 
the crushed material Add also some precipitated calcium carbonate to noutexhze 
any free acids present Then filter through fine muslin, and to the filtrate, which 
should again be made quite hot, add lead acetate solution until a precipitate 
(of mucilaginous substances, etc ) ceases to be formed Care should be taken to 
avoid the addition of a large excess of load acetate Filter off the lead precipitate, 
and satin ate the filtrate with sulphuretted hydrogen till all excess lead is removed 
Filter off the lead sulphide, neutralize the filtrate to phonolphthaleui with ammonia, 
and evaporate to half bulk or less on a water-bath, when the iiiulin will probalily 
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begin to deposit Then pom into an equal volume of alcohol, and allow to stand foi 
one or two days The crude piecipitate of inulin is filtered ofl, dissolved in a small 
amount of water, and repiecipitated with alcohol It can he washed with alcohol 
and ether and diied over sulphuric acid 

The Artichoke tid)6'}osus) may also be used, about 12 tubers being 

necessary 

Expt 60 Tests fot innlin Make a solution of some of the iniilin prepared in 
Expt 59 m hot water It will readily dissolve giving a clear solution With the 
solution make the following tests 

{a) Make a very dilute solution of iodine and ridd to it a drop or two of inulin 
solution , the brown colour will be unaffected 

(5) Boil some inulin solution with a little Feliling no reduction takes place 
If the inulin solution which is being used should reduce Eehling it indicates that 
sugar is present as impurity If this is the case, then a little of the solid mulin 
should be washed free from sugar by means of alcohol before proceeding with the 
following tests 

(c) To a little inulin solution add some 1 % alcoholic solution of a-naphtbol and 
a few drops of concentrated sulphuric acid and warm A deep violet colour is 
produced This is due to the formation of furfural from the laevulose pioduced in 
hydiolysis (see laevulose, p. 51) 

{d) To a little mulin solution add about an equal quantity of strong hydrochloric 
acid and a few crystals of rosoi^cin. A red coloration is formed This reaction 
(Seliwanoff ’s test) is also duo to the presence of laevulose (see laevulose, p. 51). 

Expt 61 Hydrolysn ofimiltn. Some mulin is dissolved in very dilute hydrochloric 
acid (about 0 5 ®/(,) and heated on a water-bath for half an houi in a round -bottomed 
flask piwidod with an air condenser (sec p 45), The solution is then neutrahssed 
with sodium carbonate and concentrated on a watei-bath With the concentrated 
solution make the following tests * 

{a) Boil with a little Fehlmg ; the solution is rapidly reduced 
(J)) Make the osasione test (see 49) CjHucosazoue ciystals will bo found to be 
formed on microscopic examination (Laevulose forms the same osazonc as glucose ) 
(c) Make the tests (c) and {d) of the last experiment A xioaitivo result will be 
given m each case 


Man NANS 

The mannans which have already been mentioned (see p 50) are 
condensation products of the hoxoso, mannose. They occur most fre- 
quently, cither mixed, or in combination, with the condensation products 
of other hexoscs and pentoses (glucose, galactose, fructose and arabinoso) 
as galactomannans, glucomannans, fructomannans, mannocelluloses, etc 
Such mixtures or compounds of which mannans form a constituent are 
widely distributed in the seeds of many plants, i e. Palms (including the 
Date-palm), Asparagus {Rusgus), Clover {Trifoliim), Coffee Bean {Goffea 
arabica), Onion {Allium Cepa) and of members of the Leguminosae, 
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Rubiaceae, Coniferae and Umbelliferae In seeds the mannans may 
constitute, together with cellulose, the thickened cell-walls of the endo- 
sperm and are included in the term “ reserve- or hemi-cellulose ” though 
they are not strictly celluloses “Vegetable ivory/’ which is the endo- 
sperm of the Palm, Fhyteleplias macroGarpa, contains considerable 
quantities of a mannan and is used as a source of mannose Mannans, 
in addition, form constituents of certain mucilages, as for instance those 
in Lily bulbs (Lihum candidum, L bidhiferum, L Martagon and others) 
(Parkin, 23) and tubers of vaiious genera of the Orchidaceae they are 
also found in the roots of the Dandelion {Taraxacum), Hehanthus and 
Chicory, Asparagtis and Clover, and in the wood and leaves of various 
trees 

Many of the mannans, unlike true celluloses, are readily hydrolyzed 
by dilute hydrochloiic and sulphuiic acids The mannan in the Coffee 
Bean, however, is hydrolyzed with difficulty 

Galaqtans 

These substances bear the same relationship to the hexose, galactose, 
as the mannans to mannose, that is, they are condensation products of 
galactose (see p 49) Similarly they frequently occur, together with 
the condensation products of other sugars, as galactoaraban, galactoxylan, 
galactomamian, etc As such they form constituents of many gums and 
mucilages and of the cell-walls of the reserve tissue of seeds, i,e the 
Coffee Bean {Coffea arahica), the Bean (Faba), the Lupin (Lupinus), the 
Paeony (Paeonia), the Kidney Bean {Phaseolus), the Date {Phoemx), 
the Pea {Pisurn), the Nasturtium {Tropaeohim) and many others (Schulze, 
Steiger and Maxwell, 29) 


Gums 

These substances occur widely distributed among plants, especially 
trees Some gums are wholly soluble in water giving sticky colloidal 
solutions others are only partially soluble They are all insoluble m 
alcohol In the solid state they are translucent and ainoiphous 

Chemically the gums are varied in nature , they may m geneial be 
regarded as consisting of complex acids in combination with condensa- 
tion products of various sugars, such as araban, xylan, galactan, etc. 
On hydrolysis they give mixtures of the corresponding sugais, arabinose, 
xylose, galactose, etc , m varying proportions, though m some cases one 
sugar preponderates 
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Some of the best-known gums are the following 

Gum Arabic {arahin). This substance is obtained from an Acacia 
{Acacia Senegal), a native of the Soudan The gum exudes fiom the 
branches Other species of Acacia yield inferior gums. Gum aiabic is 
a mixture of the calcium, magnesium and potassium salts of arabic acid, 
a weak acid of which the constitution is unknown, in combination with 
araban and galactan 

Gimi Tragacanbh This is a product from several Tragacanth shrubs 
which are species of Astragalus (Legummosae), chiefly A. gummifer It 
IS obtained by wounding the stem and allowing the gum to exude and 
harden On hydrolysis it gives a mixture of complex acids and various 
sugais such as arabinose, galactose and xylose 

Cherry Gum {cei^asin) occurs in the wood of the stems and branches 
of the Cherry {Prunu,$ Gerasus), the Bird Cheiry (P Padus), the Plum 
(P domestica), the Almond (P, Amygdalus) and other trees of the 
Rosaceae It exudes from fissures of the bark On hydrolysis it yields 
almost entirely arabinose. 

Expt 62 Reactions of Gum Andnc Put a little gum arabic into an evaporating 
dish and add a litt,lc Avater Heat gently and stir The gum will slowly dissolve, 
giving a thick sticky solution which does not solidify or gel on cooling Make the 
following tests, using a little of the gum solution in a test-tube each time 

{a) Add a little alcohol The gum IkS prccijntated. 

(&) Add a little Fehling’s solution and boil No reduction takes x>lacc 

The three following expernnents show the presence of pentosan complexes m the 
gum (see also Expt 38, p 44) 

(r) Add a little phloroglucm to the gum and then strong hydrochloric acid. No 
colour IS iiroduccd Now heat, and a cherry-red colour appears 

(d) Heat the gum solution with a little concentrated hydrochloric acid and then 
, add a trace of oremol Warm again and then add one or two diops of strong ferric 

chloride solution. A green coloration will he produced 

(e) Heat the gum solution strongly with hydrochloric acid, and, aftei heating for 
a few inmutes, place a piece of fltor-paxier soalcod in a solution of aniline acetate in 
the mouth of the test-tube A cherry-red coloration indicative of furfural will be 
formed 

Exgt 63 Hydrolysis of Gmi Arabic. Weigh out 10 gins of gum aiabic Put it 
into a round-bottomed llask aiul add 100 e c of water and 4 c.e of strong sulxihuric 
acid Warm gently until the gum goes into solution Thou fit the flask with an 
air condenser (see p. 45) and heat on a water-bath for about 4 his Cool the 
solution, and neutrali250 with baiium carbonate. Filter off the barium sulphate and 
conceiiti'ate the solution on a water- bath Boil drop or two of the syrux) with 
Fchling’s solution and show that reduction takes place (The original gum either 
does not reduce Fehimg at all, or, if so, only slightly ) Then add a little mtrio acid 
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(sp gr 1 16, see Expt 43) to the syrup and heat on a water- bath almost to dryness 
Pour the residue into about 100 c c of water and allow to stand A microcrystalline 
precipitate of mucic aoid is formed showing the presence of galactose (see p 60) as 
a pioduct of hydrolysis 


Muqjlages 

The characteiistic of these substances is that they swell up m watei 
and produce colloidal solutions which are slimy 

Mucilages are widely distributed and may occur in any organ of the 
plant Sometimes they aie confined to certain cells, mucilage sacs oi 
canals They aie distinguished fi’om the pectic substances by the fact 
that they do not gelatinize Some of the best known examples of 
mucilago-contaimng tissues are those in the root and flower of the 
Hollyhock {Althaea rosea) in succulent plants {Aloe, Euphorbia), in 
bulbs {Scilla, Allium) and tubers {Orchis Mono) in seeds of Flax or 
Linseed {Linum) and in fruits of Mistletoe {Viscum album). 

The mucilages vary in composition They appear to be largely, if 
not wholly, condensation products of various sugars (galactose, mannose, 
glucose, xylose, arabinose), similar constituents to those of many gums 
and hemicelluloses On hydrolysis various mixtures of sugars are pro- 
duced Of the mucilages, that from linseed has been thoroughly 
investigated It has been found on hydrolysis to give sugars only, e g 
arabinose, xylose, glucose and galactose. In this respect mucilages differ 
from gums, since the latter have always some other accompanying sub- 
stance in addition to sugars 

Expt 64 Preparation and properties of mucilage fr om Linseed {Limmi) (Neville, 
21) Take about 60 gms of lin&eed aud let it soak for 24 hrs in 300 c c of water 
Then separate the slmie from the seeds by squeezing through muslin, and add to the 
liquid about twice its volume of 96-98 % alcohol The mucilage is precipitated as 
a thick slimy precipitate Pilter off the precipitate and wash with alcohol By 
washing with absolute alcohol and ether and finally drying in a desiccator, the 
mucilage may be obtained as a powder 

Add water to some of the mucilage It swells ui^ and finally gives a.n opalescent 
solution Make with it the following tests 

(a) Add iodine No colour is given 

(b) Add a little Feliling’s solution and boil. No reduction takes place 

E/vpt 66 Hydrolysis of lAnseed mucilage Put the remainder of the mucilage in 
a round-bottomed flask and add 60 c c of 4 suljihuric acid Fit the flask with 
an air condenser (see 46) and heat for at least four hours on a water-bath. 
Oool and neutralize with barium carbonate Filter ofi the barium sulphate, and 
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conceiitiate tho flltiate on a wator-bath With the concentrated solution make the 
following tests 

(«) Add a few drops to u little boiling Fehhng solution Kediictioii immediately 
takes place 

(6) Make the phloroghioin, oiciiiol and furfural tests for pentoses, using a small 
quantity only of the hydrolysis mixture for the tests A positive result will be given 
in each case Tho poiitosos, arabinoso and xylose, are responsible for those reactions 

(c) Add to some of tho solution phenylhydrazino hydrochloride, sodium acetate 
and a little acetic acid, and leave in boiling water for half an hoiu* for tho osazone tost 
[see Expt 41 (ff)] A mixture of osazoiios will separate out, among which ghioosazono 
can be idontiAcd 

(cf) Concentrate the remainder of the solution and then add some nitric acid of 
sp gr 1 15 (see Expt 43) Evaporate down on a water-bath to one-third of the bulk 
of the liquid and thou pour into about 100 c c of water A white microcrystalhiie 
precipitate of mucic acid will separate out, either at once or in tho course of a day or 
two This demonstrates the presence of galactose 


Peotio 8unsTAN(}j<:s> 

These substances are considei'cd at this point since they are said to 
constitute, in mine or less intimate connexion with cellulose, the middle 
lamella of cell-walls in many tissues Tho poetic substances arc fre- 
quently found m the juices of succulent fruits in which the tissues have 
disintegrated, such as red currants and gooseberries. They have been 
isolated chiefly from fleshy roots, stems or fruits, as, for instance, from 
turnips, beetroot, rhubarb stems, apples, cherries and strawberries. 

Recent work (Schryver and Haynes, 28) points to the fact that in 
turnips, strawherriGS, rhubarb stems and apples, there is the same poetic 
material, and it is possible that all such substances may be identical. 
The compound isolated in the above case is of an acidic nature and has 
been termed pectiuogen When peotinogen is treated with dilute 
solutions of caustic alkali at ordinary temperatures, it is rapidly changed 
into a second substance termed pectin, winch is readily converted into 
a gel under certain conditions. 

In the case of juicy fruits, such as currants and gooseberries, the 
peotinogen can he precipitated as a gelatinous precipitate by adding 
alcohol to the expressed juice. In the case of fleshy fruits, stems and 
roots, the procedure is as follows. The tissues are thoroughly dis- 
integrated in a mincing machine and pressed free from all juice in a 
powerful press The residue is then dried, finely ground, washed with 
water and finally extracted with dilute ammonium oxalate solution in 
which pectinogen is soluble. Tho extract is concentrated and tho 
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pectinogen precipitated by alcohol It may be purified by reprecipita- 
tion 

Pectinogen is precipitated from aqueous solution by alcohol as a very 
bulky gelatinous mass, but when dried it forms an almost colour less gianu- 
lar powder Put into water it absorbs large quantities of liquid and dis- 
solves slowly, giving an opalescent solution with a distinctly acid reaction 

As mentioned above pectinogen in alkaline solution is rapidly con- 
verted into pectin. A solution of pectinogen is not precipitated eithei 
by acid or dilute solutions of calcium salts but, after treatment with 
alkali and conversion into pectin, both the aforesaid reagents produce 
gelatinous precipitates. A similar precipitate is also formed when lime 
water is added in excess to a solution of pectinogen and it is allowed to 
stand There is little doubt that the pectinogen is converted by the 
alkali mto pectin Pectin is also an acid substance and it is insoluble 
m water, giving an insoluble salt with calcium After treatment of 
pectinogen with alkali the pectin can, as already stated, be precipitated 
by adding acid. 

Analyses of pectin from various sources have led to the suggestion 
of O17H24O16 as its formula There is also evidence that it contains oiu' 
pentose group This can be detected and estimated by the furfural 
phloroglucide method (see Expt 53 ) 

Expt 66 Extraction and I'eactions of pectinogen Take about half a pound of i‘ed 
currants and squeeze out the juice through fine muslin into a laige beakei Then add 
to the juice about 2-3 times its bulk of 96-98 alcohol A bulky gelatinous ])reoipi- 
tate of pectinogen will separate out Allow the precipitate to stand for a time in the 
alcohol, and then filter off Wash with alcohol and finally press free from liquid. 
Dissolve the precipitate in as little water as will enable it to go into solution To two 
small portions of the solution add respectively {a) a few drops of strong hydrochloric 
acid, (6) an excess of calcium chloride solution Note that no precipitate is formed in 
either case 

E'ept 67 Conversion of pectinogen into pectin^ and ? eactwns of pectin . Take ab( >ut 
one-thnd of the pectinogen solution prepared in Expt 66, make it alkaline with 
caustic soda, and let it stand for about 10-15 minutes Then divide the solution 
into two parts and add respectively {a) siifiicient hydrochloinc acid b) acidifj^, 
(b) excess of calcium chloride solution. In the first case a gel of pectin is formcil 
in the second case a gelatinous precipitate of the calcium salt of pectin 

To a further quantity of the X)ectinogen add excess of lime water and let it stand 
The gelatinous calcium precipitate will separate out in a short time. 

Expt 68 Detection of the pentose group in pectinogen Filter off the pectin gel 
obtained in the last experiment and allow it to dry Then test for the pentose group 
by the oremol, phloroglucmol and furfuial tests (see Expt 38). All results will be 
found to he positive 
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Tho evtraction of pcctinogen, etc* in the above e\perimeuta can equally well bo 
cairied out with other material, eg ripe gooseberries, laspberries and straw beines, 
using exactly tlie same methods, 

EvpU 69 Piaparation of pectinogen from Turnips Take two full-sized turnips 
and nunee them finely in a ramoing machine Then wrap the mass m a piece of 
strong unbleached calico and press out the juice as oom})letely as possible in a jness 
The juice contains little pectinogon and can be thrown away The pressed mass is 
tlion thrown into 0 5 ammonium oxalate solution heated to 80-90“ G. on a watei- 
bath and stiired to make a paste The liquid is again rapidly piosscd out in tho press 
To the viscid extiact an equal volume of 96%) alcohol is added, and the pectniogen 
sepaiates out as a voluminous gelatinous precipitate This is filtered off and, when 
pressed free from alcohol and dried, can bo used for tests as in the ])rovious experi- 
ments 

The gelatinization of pectinogcn can also be brought about by ccrtaiu 
enzymes termed pectases which are found ni the juices of \arious plants, 
i.e root of Carrot (Baucus Oarota) and leaves of Lucerne (Medicago 
satwa), Lilac {Syringa vulgaris) and Clover {Tnfolium f)ratense) 

Evpt 70 Action of pectase on pectinogen Make an extract of either Lucerne or 
Clover leaves by pounding them in a mortar with a little water, and then filter Add 
the filtrate to some of the ]_:)octmogon solution prepared in Expt 66 or 69, On 
standing a gelatinous precipitate will be produced Should the reaction bo slow, it 
may be accelerated by placing tho mixture in an moubator 


Celluloses, 

Celluloses are very importanL polysaccharides They form constituents 
of the structural jiart of all the higher plants The cell-wall of the 
young cell consists entmoly of cellulose, but in older colls tho walls may 
be lignified, cuticularizod, etc., i.c, tho cellulose may be accompanied by 
other substances such as lignin, cutin, mucilage, etc. In the light of 
these facts the term cellulose is made to include 

1. Normal celluloses 

2 Comjiouud collulosivs, 

(а) Ligno-ccllulosos 

(б) Pect< )-cg] 1 uIokSos. 

(c) Adipo- or cuto-cellulosos. 

3 Pseudo- or Reserve celluloses. 

True or normal cellulose. Of this substance, as we have said, 
many cell-walls are composed Tho most familiar form of cellulose is 
cotton, which consists of hairs, each being a very long empty cell, from 
tho testa or coat of tho seed of the Cotton plant (Qossypiim herbacettinf 
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Crude cotton (i e the hair cell-walls) is not quite pure cellulose, but 
contains a small amount of impurity from which it is freed by treatment 
fiist with alkali and subsequently with bromine or chlorine. All kinds 
of cotton material, cotton- wool, and^the better forms of paper (including 
filter-paper) may be regarded as almost pure cellulose 

Puie cellulose is a white, somewhat hygroscopic, substance. It is 
insoluble in water and all the usual solvents for oigamc substances It 
IS, however, soluble in a solution of zinc chloride in hydrochloric acid in 
the cold, and in a solution of zinc chloride alone on warming It is also 
soluble in ammomacal cupric oxide (Schweizer’s reagent). 

In addition cellulose is soluble in concentrated sulphuric acid, winch 
on standing converts it first into a hydrate and then finally into 
glucose If, however, water is added to the sulphuric acid solution as 
soon as it is made, the gelatinous hydrate of cellulose is precipitated. 
This substance is termed “ amyloid ” since it gives a blue colour with 
iodine Concentrated nitric acid converts cellulose into nitrates, of 
which one is the substance, gun-cotton In 10 alkalis cotton fibres 
thicken and become more cylindrical This procedure has been em- 
ployed by Mercer to give a silky gloss to cotton, and the lesultant 
product IS called mercerized cotton 

JSa,_pt 71 T/ie colon'} tests and solnhilitus of cellulose 

(a) Dip a little cotton-wool into a solution of iodine in potassium iodide Then 
put the stained wool into an evaporating dish and add a drop or two of concentrated 
sulphuric acid A blue coloration is given This is duo to the formation of the 
hydrate amyloid ” mentioned above 

(h) Dip some cotton-wool into a calcium chloride lodme solution (To 10 c c. of 
a saturated solution of calcium chloride add 0 5 gm of potassium iodide and 0 1 gm. 
of iodine Warm gently and filter through glass- wpol ) A rose-red coloration is 
produced which eventually turns violet 

(c) Heat a strong solution of zinc chloride (6 pts of zinc chloride to 10 pts of 
water) in an evaporating dish and add 1 x^art of cotton-wool The cellulose will in 
time become gelatinized, and if a little water is added from time to time, a solution 
will eventually be obtained on continuous heating 

{d) Make a solution of zinc chloride m twice its weight of concentrated hydro- 
chloric acid and add some cotton-wool The wool will rapidly go into solution in the 
cold 

(e) Add some cotton-wool to an ammomacal copper oxide solution and note that 
it dissolves (To a strong solution of copper sulphate add some ammonium chloride 
and then excess of caustic soda Filter oft' the blue xn‘ecipitate of cuxiiio hydroxide, 
wash well, dry thoroughly, and dissolve m strong ammonia ) Add strong hydrochloric 
acid and the cellulose is precixDitated out again Then add water and wash the 
precipitate until it is colourless Teat the roughly dried precipitate with a little 
iodine and strong sulphuric acid A blue coloration is given 
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All the above tests may be repeated with threads from white cotton material, 
with filter-paper and good white writing xmper 

Try tests {a) and {h) with newspaxier, and note that they are not so distinct as 
with writing paxiei owing to the x>rescnco of ligno-cellulose (see Expt *73) 

Enpt 72 Hydrolpsib of cellulose hy acid Dissolve as much filtor-paxier as possible 
in 5 c c of concentrated sulxihuric acid and when all is in solution pour into 100 c c 
of distilled water Boil the solution in a round-bottomed flask fitted with an air 
condenser (see ji 45) and use a sand-bath for heating. After boiling foi an hour, 
cool and neutraliiio the solution with solid calcium carbonate Add a little water if 
necessary and filter Test the filtrate with the following tests 

{a) Make the osazone [see E\pt 41 (c-^)] Note that crystals of glucosazone are 
formed 

(6) Add a little Tohling’s solution and boil Note that reduction takes place 

Instead of using filter-paper, the above experiment may also be carried out with 
cotton-wool or threads from white cotton inatorial 

Ligno-cellnlose. As the cells in plants grow older tlie walls usually 
become ligmfied, that is part of the cellulose becomes converted into 
ligno-cellulose. The extreme amount of change is found in wood The 
least amount m such fibres as those from the stein of the Flax {Linmn 
iis%tat%ssimxim) which, when freed from such impuuties, consist of cellu- 
lose only and constitute linen. Other fibres, containing more ligno- 
cellulose, arc those of the stem of the Hemp plant {Cannahis sativa) 
and the Jute plant {Gorohorus) from which string, rope, canvas, sacking 
and certain carpets arc made The percentages of pure cellulose in 
these various ligmfied tissues are as follows 

Cotton li ill c ... . 88 3% 

Flax and Hemp fibre 72-73 % 

Jute .... . 54 7o 

Beech and Oak wood . . 35-38 % 

The ligno-celluloses are generally regarded as consisting of cellulose 
and two other constituents, of which one contains an aromatic nucleus 
and the other is of the natiuo of a pentosan (see xylan, p. 63) Both 
are sometimes classed together and termed lignin or hgnon The lignin 
reactions (see below) depend on the presence of an aromatic complex. 
It has been suggested that conifcrin, vanillin and allied compounds 
which are present m wood are probably the substances responsible for 
the reaction (Ozapek, 0). 

Although the best paper is made from cellulose, cheaper forms^of 
paper are manufactured from ligno-cellulose, and, as a result, they give 
reactions for lignin and are also turned yellow by exposure to light. 

Eoopt 73 Rmctiom of hgnin* 

One of the most striking reactions of hgnin (duo as it is supposed to a furfural 
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grouping) IS the magenta-red coloration given by phloroglucin in the presence of 
concentrated hydiochloiic acid 

Soak the tissue to be experimented upon with an alcoholic solution of phloro- 
glucin and then add a dro^^ or two of stiong hydrochloric acid The niagenta-red 
colour will be produced 

As mateiial, practically any hgnified tissue may be used Shavings from twigs 
of any tiee or shrub, eg pith and wood fioin the Elder {Samhucus mgra\ will be 
found useful also shavings from a match , straw, bian, coaise string, cheap white 
pajoer, such as newspapei or white and pale-coloured papers used for wrappings 

Make the ]3hloroglucin test on good white writing papei It should not give the 
reaction since it is made from cellulose 

Other phenols and their derivatives will also give coloui leaotions with lignin in 
the presence of hydrochloric acid, but the colorations in most cases are not so much 
developed as with phloroglucin (Czapek, 6) Eor this reason (though it is also possible 
to use any of the hgnified tissues suggested above) good results are obtained by using 
strips of any cheap newspaper, since the reagents seem to iienetraie this mateiial 
quickly 

Soak strips of newspaper (or other mateiial) in alcoholic solution of the following 
substances, or such of them as are available, and then add a few drojis of concen- 
trated hydrochloric acid It is useful to put the material on a white glazed tile oi 
plate 

Reaction 


Phenol 

])lne-gieen coloration 

Resoicinol 

violet 


Oreinol 

red-violet 

?5 

Catechol 

greenish- blue 

3J 

Pyrogallol 

hlue-green 

)) 

Guaiacol 

. yellow-green 

J5 

Oresol . 

greenish 


a~Naphthol 

greenish 


Thymol 

green 

» 

Indol 

cherry-red 


Skatol 

cheriy-rod 

53 


It should be noted that strong hydrochloric acid alone will soinetinios 
give a red colour with woody tissues this is duo to the pieseuco of 
phloroglucin in the wood itself (see phloroglucin, p. 88) 

Ex'pt 74 Destruction of the hgnin element in wood Take some papei which gives 
the phloroglucin reaction for hgnm strongly and cut it up into pieces about an inch 
hcxuare Then boil the pajier in some 1 % sodium hy dioxide solution for a short tunc 
After washing well, put it into a flask or large test-tube with a few o.c of bromine- 
water and allow it to stand for an hour or two Then wash again and heat in a 
2 ®/o solution of sodium sulphite Wash free from sulphite, dry and test with 
alcoholic phloroglucin solution and strong hydrochloric acid No rod colour, or very 
little, will be produced If a little red coloration is formed, the i^roccss should ho 
repeated until finally all the lignin reaction disapj)ears 
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Pecto-cellulose, The non-cellulosc constituents in this case belong 
to the class of pectic substances which have already been considered 
(see p. 63). Such celluloses occur in the cell-walls of the tissues of 
many fleshy roots, stems and fruits. 

Adipo- and cuto-celluloses. These products are found m the walls 
of corky and cuticularized tissues Their chemical composition is 
obscure but they appear to contain substances of a fatty or wax-like 
nature 

Hemi-cellnloses. These are not strictly celluloses since they are built 
up of mannans, galactans and pentosans on lines which have already been 
considered (see pp 59 and 60), They frequently occur united with each 
other, for instance as galacto-, gluco- and fructomannan, galactoaraban, 
galactoxylan, etc They are found in the cell-walls of the tissues of 
many seeds. 


The Syi^ thesis and Inteu-belationships of Oaubohydrates 

IN THE Plant, 

Now that the properties and characteristics of various carbohydrates 
have been dealt with, their synthesis and their relationships, one to 
another, may be considered 

In the previous chapter it has been shown how the plant synthesizes 
a sugar from carbon dioxide and water by virtue of the chemical energy 
obtained from transformation of radiant energy by means of chloi^ophylL 
When this sugar roaches a certain concentration in the cell, in the 
majority of plants, starch is synthesized from it by condensation with 
elimination of water. The starch is thus the first visible product of 
assimilation and is temporarily “ stored m an insoluble form during the 
day, when photosynthesis is active. During the night photosynthesis 
ceases but the sugar is still translocated from the loaf, as it was in fact 
during the day , thus, since the supply ceases, the concentration in the 
cell falls, and the '' stored ” starch is then hydrolyzed again into sugar, 
and the process continues until the leaf is either starch-free, or contains 
considerably less starch. During the next day, the starch formation jh 
repeated and so forth The process of hydrolysis of starch is carried out 
by the enzyme, diastase, with the formation of dextrin and maltose. In 
all probability this same enzyme controls the synthesis of starch. 

On the other hand, it has been shown that many plants do not form 
starch at all m their leaves but only sugar. Examples are the adult 
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Mangold plant {Beta vulgans) and many Monocotyledons {Allium, 
Soilla)* 

As to the question of which sugars are present in the leaf, theie ]s 
only evidence from accurate work on a few plants Carelul investiga- 
tions have been made of the sugars in leaves of the Mangold {Beta 
vulgaris) (Davis, Daish and Sawyer, 15), Garden Nasturtium {Tropaeo- 
him majiis) (Brown and Morris, 6), the Snowdrop {Galanthus mvahs) 
(Parkin, 24), the Potato {Solanum tuberosum) (Davis and Sawyer, ]7) 
and the A^ine {Vitis vimfera) The general conclusions drawn from 
these investigations are that sucrose, glucose, and laovulose are always 
present m leaves that maltose results fiom the hydrolysis of starch, 
being absent from leaves which do not form starch Maltose is not pre- 
sent in appreciable quantity even m starch-producing leaves because it is 
lapidly hydrolyzed into glucose by maltase (In such cases where it has 
been detected it has been due to diastase action during the drying of 
leaves befoie extraction) Other leaf carbohydrates are the pentoses 
which have been found in a good many species examined and may be 
widely distributed, the pentosans, their condensation products, also occur 
as well as dextrin (Potato) 

The next question to be considered is what sugar is first synthesized 
in the leaf. Is it glucose, laevulose, sucrose or maltose ? It is known 
that the enzymes, invertase and maltase, are commonly present m leaves 
and that these enzymes respectively control the hydrolysis, of cane- 
sugar into glucose and laevulose, and of maltose into glucose. It is also 
possible that they respectively control the synthesis of sucrose and 
maltose Laevulose, likewise, as may be supposed, can be obtained from 
glucose Thus all the sugars can be readily converted one into another, but 
to ascertain which is the first product of synthesis is not an easy problem 

In addition to the above-mentioned work on the nature of the sugars 
present in leaves, a good deal of careful analysis has been made as to the 
proportions m which the sugars occur relatively to each other during 
stated periods of time, with a view to answering the question as to 
which is the first-formed sugar There are two possibilities : one, that 
it IS sucrose and that it is hydrolyzed into glucose and fructose the 
other, that it is glucose, from which fructose is deiivcd, and the two are 
then synthesized to form sucrose 

Opinion is divided on this point and there is not at present sufficient 
experimental evidence to decide the matter The majority of investi- 
gatoi’s regard sucrose as the first-formed sugar, and suggest that it is 
inverted into hexoses for purposes of translocation, since the smaller 
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molecules would diffuse faster There is experimental evidence that 
there is an increase m hexo>ses m the conducting tissues Otheis favour 
the view that glucose is the first-formed sugar, and bring forward 
evidence to this effect There is however no reason why hexoses should 
not be formed first and then converted into cane-sugar and temporarily 
stored as such, being again remverted into hexoses for translocation. 
Noi IS there any reason for supposing that the first-formed sugai is 
always the same m every plant 

There appears to be very little doubt that maltose is formed in 
the hydrolysis of starch, and also that staich is a tempoiaiy reserve 
material in the leaves, but whether formed direct from sucrose or fiom 
hexoses cannot be stated 

There is some evidence in favour of the view that glucose is more 
readily used in respiration than laevulose, for under circumstances when 
neither can be increased, the glucose tends to disappear 

From the leaf the various sugars are translocated to other organs of 
the plant, e g root, stem, flower, fruit and seed In some cases starch 
IS synthesized from the sugars and stored ” in roots, tubers, tuberous 
stems, fruits and seeds In other cases the sugars themselves may be 
“ stored,'' as, for instance, m the root of the Beet {Beta vulgaris), or they 
may have a biological significance, as m sweet fruits. It must also be 
borne m mind that sugars are employed throughout the plant in re- 
spiration and in the synthesis of more complex substances, i,e cellulose, 
gums, pentosans, mucilage, aromatic substances, fats and to a certain 
extent proteins, m fact they or their precursors constitute the basis 
from which all organic compounds arc synthesized 

The following experiments can be performed with either the Garden 
Beet or the Mangold Wurzol, both of which are varieties of Beta vulgaris, 
the Common Beetroot The sugars in the leaves and petioles of the 
Mangold have been investigated (Davi>s, Daish and Sawyer, 15) and 
sucrose, laevulose and glucose have been found. Staich is absent m 
the adult plant and also maltose. The opinion is held that sucrose xs 
the first- formed sugar of photosynthesis and that this is hydrolyzed for 
translocation on account of the greater rate of diffusion of the smaller 
molecules of glucose and laevulose. These are again synthesized in the 
root to form sucrose where the latter is stored, and hexoses are almost 
absent from this organ Though the facts concerning the distribution 
of the sugars stated above are reliable, it is not certain that the deduc- 
tions are permissible. The leaf contains the enzymes, mvertase, maltase 
and diastase (Robertson, Irvine and Dobson, 25) 
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In connexion with the occurrence of various sugars m leaves it is 
of interest to note that glucose, fructose and mannose can pass over 
into one another in alkaline aqueous solution This has been explained 
by their conversion into the enolic (unsaturated) form common to all 


three hexoses 




CHO 

1 

CHO 

1 

CH2(0H) 

CH(OH) 

11 

HCOH 

HOCH 

1 

CO 

11 

C OH 


HOCH HOCH HOCH HOCH 


HCOH HCOH HCOH HCOH 


HCOH 

HCOH 

HCOH 

HCOH 

I 

CH2(0H) 

j 

CH2(0H) 

j 

CH2(0H) 

j 

CH2(0H) 

Glucose 

Mannose 

Fructose 

Enohc form 


E^jpU 75 To show the presence of both heoboses and sucrose %n the leaf (Davis, 
Daish and Sawjer, 15) Take about 5 gms of fresh leaf of either the Beet or Mangold 
(Leaves of the Garden Nasturtium {Tropaeolum majus) and Wild Chervil {Ghaero- 
pkyllum sylvestre) may also be used ) Tear them into small pieces and drop thorn 
into boiling 90-98 o/o alcohol in a flask on a water-bath. In this way the enzymes of the 
leaf ai e killed, and no changes will occur in the carbohydrates present After boiling for 
a short time, the alcohol is filtered off and the exti action relocated. Evaporate the 
filtrate to dryness in an evaporating dish on a water-bath The filtrate will contain 
chlorophyll and various pigments, sugars, glucosides, aromatic compounds and other 
substances according to the plant used. Then add about 20 c c of water and at in- 
tervals a few drops of basic lead acetate until it ceases to form a precipitate By this 
means all hexoses combined with aromatic substances as glucosides (see p 142) are 
precipitated as insoluble lead salts The precipitate is filtered off and the lead in the 
fitui.te removed by sodium carbonate, avoiding excess Filter again and the filtrate 
will contain the sugai’s Boil the lattei and add Fehling^s solution drop by drop till 
reduction ceases Filter ofip the copper oxide and then boil the solution with dilute 
siilphuiic acid for a few minutes and make neutral to phenolphthalcin Beductiou 
will occur on adding more Fchling and boiling, owing to the inversion of the cane- 
sugar present 

Expt 76 To show the presence of hexoses %n the leaf by means of the formation of 
glucosazom Leaves of Beta^ Chaerophyllum sylmstre^ or Tropaeohm may bo used 
Extract as in the jirevious experiment and precipitate the glucosides with the 
minimal amount of basic lead acetate. Test for osazone in the filtrate as in 
Expt 41 {d). 

Expt 77 To ohta%n starch from green leaves Weigh out 25 gms of leaflets of the 
Pea {Fisuyn satzviim) The leaves should have been picked in the evening after a 
sunny day, and it does not matter if the cut leaves are left oveimight Dip the leaf- 
lets for a moment into boiling water, remove excess of water and drop them into 
200 c c of 96-98 alcohol and boil till the chlorophyll is extracted . then filter. 
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Take the residue of leaves and pound (but not finely) m a mortar and then wa,^h 
thox'oughly with distilled water Filter through mushu and press free from watei 
(this process extracts most of the protein) Boil the residue with 100 c o of water and 
filter To the filtrate add iodine At first the colour may disappear owing to the 
presence of protein ui solution in addition to the starch When moie iodine is added 
a deep blue coloration is foi med 


Plant Enzymes which hydrolyze Carbohydrates 

Diastase. In the plant starch may be regarded as a reserve product 
It IS synthesized from sugar, and may be again hydrolyzed into sugar. 
It ean be shown experimentally that starch is converted into 'glucose by 
boiling with acids, but in the plant the hydrolysis of starch is catalyzed 
by the enzyme, diastase Although the reaction is doubtless of con- 
siderable complexity, it may, broadly speaking, be represented as 
follows 

(C(jHioOr))n+*^20 ^ (CoH]toOf,)^-f 

Dextrin Maltose 

Thus the final products under these conditions are dextrin and the 
disacchande, maltose , and not glucose. 

It IS leasonahle to assume that cells which contain starch also either 
contain, oi are capable of producing, diastase. But the amount of 
diastase present, or at any rate capable of being extracted, varies in 
different tissues Diastase, like most enzymes, is soluble in water, In 
many cases, however, a water-extract from fresh crushed tissues in Avhich 
diastase occurs, will not contain any appreciable amount of enzyme. 
This IS sometimes due to the fact that the protoplasm does not readily 
yield up the enzyme until it has been killed If the tissues are dried at 
a moderate temperature (80-40® 0 ) both the powdered leaves them- 
selves and a water extract are fairly rich in diastase , or, if the living 
tissues are macerated and extracted with water to which chloroform 
has been added, the cells die more ra.pidly and yield up the enzyme to 
the solvent From such a water extract, a crude precipitate containing 
the enzyme may be obtained by addition of alcohol For obtaining the 
maximum results with diastatic activity in leaves, a water extract 
should be made after they have been killed, either by drying, or by the 
action of toluol or chloroform. 

It has been shown (Biuwn and Morris, 6) that in leaves which con- 
tain tannin, the presence of the latter largely inhibits the action of the 
enzyme and may be the cause, m such cases, of an entire lack of activity 
in the extract. 
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The diastatic activity of leaves appears to vary largely m different 
genera and species The subject has been investigated (Brown and 
Morris, 5) and a list of their relative activities lias been drawn up as 
follows 

[The numbers rejiresent the amount of maltose, expressed in gi^anis, which 10 
gms of air-dried leaf will produce from soluble-Hiarch (starch treated with dilute 
hydrochloric acid) by hydrolysis in 48 hrs at 30^^ C ] 


Pisum sativum 

240 30 

ticlianthus anuuus 

3*94 

Phaseolus multiflorus 

110 49 

PI tuberosiis 

3 78 

Lathyrus odoratus 

. . 100'37 

Funkia sinensis 

5 9L 

L pratensis 

34*79 

Allium Oepa 

3 76 

Trifolium pratense 

89 66 

Plemerocallis fulva. 

2 07 

T ochroleiiGum 

56 21 

Populus sp , , 

3*79 

Vicia sativa 

79 55 

Syrmga vulgaris 

2*53 

V hirsuta 

53 23 

Cotyledon Urnhihcus 

4 61 

Lotus coriiiculatus 

. 19 48 

Plumulus Lupulus 2 OP 

-i) 60 

Lupinus sp. 

. 3 51 

Plymenophyllimi demissum 

4 20 

Grass with Clover 

27 92 

Plydrochans Morsus-ranao . 

0 267 

Tropaeolum majus . 

3 68-9 64 




From the above table it is seen that the leaves of genera of the 
Leguminosae are appai'ently very rich in diastase Whoi.her this is so, 
or whether in other plants the diastatic activity is inhibited by other 
substances, has not yet been ascertained As mentioned above, tannins 
inhibit the action of diastase, and hence leaves rich in tannin, e.g. Hop 
{Hurrviblus), cannot be expected to yield good results. 

The tissues of germinating barley {Hordewn vulgare) also contain 
large quantities of diastase, and this material can be us(h 1 to demon- 
strate the solubility, isolation and activity of the enzyme. 

The action on starch of diastase from the leaf of the Common Pon 
(Ptsum sativum) and from gerininabing barley grams has already IxMin 
demonstrated [see Expt. 67 (a) and (6)] in connexion with dextrin 
following experiments have special reference to the enzyme, 

JSa^pt 78 To demomtraU the actimty of dimtase from germinating harley, (Irind 
2-3 gms of barley grams m a cofFoe-mill Boil the product with 100 (?.c. of water 
and filter, first through fine muslin if necessary, then through liltor-paper. A siai'ch 
solution will be obtained 

Pound up 2-3 gms of germinated barley grams m a mortar and extract the mass 
with 50 0 0 of water Filter, and take two equal portions m two test-tubes. Boil one 
tube To both tubes add an equal quantity of the stareh solution prepared above. 
Place the tubes in a beaker of water at 38-40“ 0 From time to time withdraw a 
drop from each tube with a pipette and test with iodine solution on a white tile. Tim 
starch in the unboiled tube will gi'adually give the dextrin reactions (.see p. 57); that 
in the boiled tube will remain unchanged 
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This simple method may rilso be adopted for showing the diastatic activity of 
leaves Instead of geiininating barley, a few leaflots of the Pea {Pisum sativum) oi 
Glover {Tnfolium poxUense) should be pounded up in a mortar and exti acted with 
50 c c of water and hltcred 

Esopt *79 To show that Uaf-diasUise is still aMive ajter di ijing the leaves at 
femperatuies not higher 38" C Take 10 gms of ficsh Pea leaves and dr^V hy 

sj3reading them in the sun Then powder and lin«illy dry in an incubator at 38' C 
Make up 500 o c of a 1 solution of starch (see Expt 55) To this add the dry leaf 
powder together with a few drops of toluol and keep in an incubator at 38" 0 Test 
the solution with iodine from time to time and note the hydrolysis of the starch 

Evpt 80 To show that the action of diastase is impaired hy contact of the enzyme 
with alcohol. Pound up 10 gms of fresh Pea leaves, add 100 e c of water, a few diops 
of toluol and allow the mixture to stand for 12 his Filter off the extract, and 
<idd at least an equal bulk of 96-98 «/(, alcohol A white precipitate is produced 
which, among other substances, contains crude diastase Filter, and wash the 
precipitate with a little water into 500 c,c of a 1 '‘/o starch solution Adda few drops 
of toluol, plug with cotton-wool and put in an incubator Tost with iodine from 
time to time It will be found that the hydrolysis takes place much more slowly 
than in the previous experiments 

Expt 81 To shoio that the action of diastase i.s* inhihited hy tannic acid Take 
about 0 5-1 gm of dried powdered Pea leaf. Let it stand for about 12 hrs in 50 c e 
of water containing a few drops of toluol Filter off, and to etxual amounts of the 
filtrate m two small flasks add about 10 e.c of a 1 % starch solution Add also 
10 c c of a 0 5 7o tannic acid solution to one test-tube Put both tubes into an 
incubator Test with lodmo solution after a few hours It will be found that the 
tannic acid has inhibited the action of the diastase 

Maltase. This enzyme hydrolyzes maltose into two molecules of 
glucose ’ 

Ci2H220ii-i- H20, = 2CoHi20o 

Investigations upon maltase have, until recently, produced rather 
contradictory results, hut later work (Davis, 12 Daish, 13, 14) has led to 
more satisfactory conclusions. The latter show that maltase is most 
probably present m all plants in which hydrolysis of starch occurs It 
has been detected m leaves of the Nasturtium (IVopaeohm), the Potato 
(Mammi), the Dahlia, the Turnip (Brassica\ the Sunflower (ffehantlnis) 
and the Mangold (Beta)^ and it is most probably widely distributed in 
foliage leaves. Its detection is not easy for various reasons which are 
as follows. It is not readily extracted from the tissues by water : it is 
unstable, being easily destroyed by alcohol and chloroform. Its activity 
IS also limited or even destroyed at temperatures above 60° C, Hence 
the extraction of maltase, by merely pounding up 'tissues with water, 
does not yield good results moreover, as an antiseptic, toluol must be 
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used and not cliloroform Finally, if the enzyme is to be extracted from 
dried material, this must not be heated at too high a tempeiaturo 
previous to the extraction 

Maltase occurs in quantity in both germinated and ungerminated 
seeds of cereals. If, in kilning, malt has not been heated at too high a 
temperature, the maltase may not be destroyed, and, in such cases, malt; 
extract will contain both diastase and maltase. This would explain the 
fact that glucose, instead of maltose, has sometimes been obtained by 
the action ‘of malt diastase on starch. In other cases, when a higher 
temperature has been employed, the maltase will bo destroyed Maltase 
itself, of course, does not act directly upon starch but only on maltose 
The use of chloroform, as an antiseptic, by some observers explains how 
they came to overlook the presence of maltase, thus obtaining maltose, 
and not glucose, as an end product in hydrolysis by malt extracts The 
optimum temperature for the maltase reaction is 39° 0 

The presence of maltase in leaves is not readily shown for the 
following reasons Since maltase is destroyed by alcohol, the prejiara- 
tion of a crude precipitate of the enzyme by precipitating a water 
extract of the leaves is not satisfactoiy. If the water extract is added 
directly to maltose, and incubated, hydrolysis may bo demonstrated by 
determining the reducing power of the sugars formed A control 
experiment must, however, be made by incubating the water extract 
alone, and subsequently determining the reducing power of any sugars 
present 

Invertase. This enzyme hydrolyzes cane-sugar into one moh^cule 
of glucose and one molecule of laevulose . 

C12H22O11 + H2O = C(}Hi20(j+ CoHjyOij 

Invertase is probably very widely distributed in plants. Its presence 
has been demonstrated in the leaves and stem, though not in the root, 
of the Beet {Beta vulgaris) (Robertson, Iryine and Dobson, 26). Also in 
the leaves of a number of other plants (Kastlo and Clark, 20). its de- 
tection, by its action on sucrose, is not easy on account of the presence 
of other enzymes and reducing sugars in leaf extracts. 

The absence of invertase from the loot of the Beet raises a dilHculty 
as to how the cane-sugar is synthesized from the hexosos supplied from 
the leaves (see p 71), Some observers (Robertson, Irvine and Dobson, 
25) incline to the view that cane-sugar is synthesized in the stems and 
travels as such to the roots Others (Davis, Daish and Sawyer, 15) 
maintain that the cane-sugar is synthesized m the root, even though 
invertase is absent 
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CHAPTER VI 

' TI-IE FATS AND LIPASES 

A FAT may bo defined as an cstei or glyceride of a fatty acid Just 
as an moiganic salt, such as sodium chloride, is formed by the reaction 
of hydrochloric acid with sodium hydroxide, so a fat is formed by the 
reaction of the trihydnc alcohol, glycerol, and a fatty acid 

The word fat is not a famili<xi one in botanical literature, the term 
oil being more commonly used It is generally met with in connexion 
with the reserve products of seeds The oils of seeds are, however, true 
fats The term oil may be misleading to some extent, because a fat 
which IS liquid at ordinary temperatures is usually spoken of as an oil, 
and yet there are also many other substances, of widely differing chemi- 
cal composition, which have the physical piopertios of oils, and which 
arc known as such. 

Most of the vegetable fats are liquid at ordinary temperatures but 
some are solids, 

The best-known senes of acids from which fats are formed is the 
senes of which formic acid is the first member. The other 

membeis of the scries which occur in fats are • 

Acetic acid OH3OOOH or C2H1O2 
Butyric acid OsH^COOH or 04H,02 
Oaproic acid OoHnCOOH or C0H12O2 
Caprylic acid O7H15COOH or CsHigOo 
Capric acid CMi^GOOR or G.otIA 
Laurie acid G,A,GOOB. dr GuHA 
Myristic acid GAGOOR or C^HsaQa 
Palmitic acid OibH,,iCO()H or CicHaaOs 
S Learie acid OnHasOOOH or CisHasOa 
Arachidic acid OjoPLoCOOH or CaoH4o02 
Behenic acid C21H43OOOH or 022114^02 

Another series is the oleic or acrylic series CnHan-aOa of which the 
members are 

Tiglic acid OuHgOa 
Oleic acid Ci8Hsi402 
Llaidic acid 0igll8402 
Iso-oleic acid O18H34O2 
Erucic acid C92H42O2 
Brassidic acid Oo«H.oOo 
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Of these, oleic acid (as glyceride) is the most widely distributed. 
Yet other senes are 

The linolic 

The Imolenic C7iH2^_602 
The clupanodonic 
The xicinoleic 

The fat which occurs in an oil-containing seed is not cotnposed of 
the glyceride of one acid, but is a mixture of the glycerides of several, 
or even a large number of different acids, often members from more 
than one of the above series Thus the fat of the fruit of the Coconut 
{Cocos nucifera) consists of a mixture of the glycerides of caproic, capiy- 
lic, capric, lauric, myristic, palmitic and oleic acids. Linseed oil from 
the seeds of Liniim asitatissimum again is a mixture of the glycei idcs 
of palmitic, myristic, oleic, linolic, linolenic and isolmolenic acids Simi- 
lar mixtures are found in other fruits and seeds. 

Since glycerol is a trihydric alcohol, it would be possible for one or 
moie of the three hydroxyls to react with the acid to form mono-, di- or 
tn-glycerides All these cases occur and, sometimes, one hydroxyl is 
replaced by one acid, and another hydroxyl by a different acid. 

When the distribution of fats among the flowering plants is con- 
sidered, they are found to be more widely distributed than the bofamst 
is generally led to suppose 

The following is a list of some of the plants especially rich m fats 
as reserve material m the fruits or seeds It represents only a selection 
of the better known genera, since many other plants have fat by seeds 
An approximate percentage of oil present in the fruit or seed is given. 

Grammaceae Maize (Zea Ma^/s) 4 Yo 

Palmaceae . Oil Palm (Elcms gmnensis) 02 7o Coconut Palm {Cocos 
nucifera) 65^0 

Juglandaceae Walnut {Jtiglans regia) 52 Yo 
Betulaceae Hazel {Corylus Avellana) 55 Yo* 

Moraceae Hemp {Cannabis sativa) 33 Yo 
Papaveraceae Opium Poppy {Papaver sonwiferim) 47 
Cruciferae Garden Cress {Lepidium sativmu) 25 Yo ‘ Black Mustard 
{Sinapis nigra) 20 Yo: White Mustaid {Sinapis alba) 25 Yo: Colza 
{Brassica rapa var oleifera) 33 Yo Rape {Brassica napus) 42 Yo 

Eosaceae Almond {Prunus Amygdalus) 42 Yo Peach (P. Persica) 
35 Yo Cherry {P Cerasus) 35 Yo Plum (P domebtica) 27 
Lmaceae Flax {Lvnum usitatissimum) 20-40 Yo- 
Euphorbiaceae . Castor-oil {Ricinus communis) 61 Yo- 
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Malvaceae. Ooiton {Ccossypium herhaGeum) 24®/o* 

Sterculiaceae Cocoa {Theobroma Cacao) 54^0 
Lccythidaceae Brazil NuL {Bertholletia ewcelsa) 68^0* 

Oleaceae Olive (Olea europaea) 20-7070* {Fraxinus excelsior) 
27 7o 

Rubiaceao Cotfee (Ooffea ai aMca) 12 7q 
Cucuibitaccae Pumpkin {CuGitrhita Pepo) 41 
Composiiae • Sunflower (Helianthus ammus) 38 7o 
The conclusion must not ha drawn fiom the above list that the 
seeds of the plants mentioned have exclusively fats as reserve materials. 
In many cases fiit may be the chief reserve jiroduct, but in others it 
may bo accompanied by either starch or protein or both. 

Some of the best-known examples of fat-contaming seeds which 
yield “ oils of great importance in commerce, medicine, etc , arc Rioinits 
(castor oil), Brassica (colza oil), Gossypium (cotton-seed oil), Cocos 
(coconut oil), Elaeis (palm oil), Olea (olive oil) 

In the plant the fats are present as globules m the cells of the fat- 
containing tissues 

Plant fats may vary from liquids, through soft solids, to wax-liko 
solids which generally have low melting-points. They float upon water 
in which they are insoluble. They are soluble in other, petrol other, 
benzene, chloioform, carbon tetrachloride, carbon bisulphide, etc some 
are soluble in alcohol With osmic acid fats give a black colour, and 
they turn red with Alkanet pigment which they take into solution 
Expt 82 TesU for faU Weigh out 50 giuH. of LiUHoed {JAmim imtatissimum) 
and grind in a cofleo-inill. Put tlic linsood uioal into a flawk, cover with ether, eorlc 
and allow the mixfciuo to stand for 2 ~12 hrs Filter off the ether into a flask, flt 
with a condenser and distil off the other over an olectrio heater (If a heater is 
not avtiilahle, distil from a water-bath of boiling water after the flame has been 
turned out ) When tho bulk of the other is distilled oil, pour the residue into an 
evaporating dish on a water-bath and drive off’ the rest of tho ether With the residue 
make tho following tests in test-lubes . 

{a) Try the solubilities of the oil in water, petrol ether, alcohol and chloroform. 
It IS insoluble m water and alcohol, hut soluble in petrol ether and chloroform 
(h) Add a little 1 % solution of osniic acid A black cedour is formed (This re- 
action IS Guiiiloyetl for tho detection of fat in histological sections.) 

(c) Add to the oil a small ))iocc of Alkanet {Anch^usa ofioinalh) root, and warm 
gontlj on a water-bath. The oil will be coloured red. Divide tho oil into two portions 
m icsi-tuboH To one add a little water, to the other alcohol, Tho coloured oil will 
rise to tho surface of tho water in one case, and sink below the alcohol m the other 
Tho Alkanet pigment being insoluble in both water and alcohol, these liquids reniaiu 
uncoloured 

ICeep some of the linseed oil for Expb, 83 


o 
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It IS well known that the hydrocaibons of the iinsaturated ethylene 
senes will combine directly with the halogens, chlorine, bromine 

and iodine to give additive compounds, thus * 

C2H4 -f" BP2= C2H4BP2 

ethylene biomide 

The acids of this series also behave in the same way, and since many 
plant fats contain members of the series, the fats will also combine with 
the halogens 

Ecopi 83 To show the piesence of xi/nsatwi ated groups tn a fat To a little of the 
linseed extract add bromine water Note the disappearance of the biomine and the 
formation of a solid product 


One of the most important chemical reactions of fats is that known 
as saponification When a fat is heated with an alkaline hydroxide the 
following reaction takes place 

C17H35CO o— CH2 

C17H35CO O—CH +3KOH-3Ci7H3r.COOK + CH20H CHOH CH2OH 
I glycerol 

C17H35CO 0~^CH2 
triHteann 


The potassium salt, potassium stearate,, of the fatty acid, stearic 
acid, IS termed a soap The ordinary soaps used for washing are mix- 
tures of such alkali salts of the various fatty acids occurring in vegetable 
and animal fats, and are manufactured on a largo scale hy saponifying 
fats with alkali The soaps are soluble in water, so that when a fat is 
heated with a solution of caustic alkali, the final product is a solution of 
soap, glycerol and excess of alkali. The soap is insoluble in saturated 
salt (sodium chloride) solution, and when such a solution is added to 
the saponified mixture, the soap separates out and rises to the 
surface of the liquid This process is known as “ salting mit.’^ If tlui 
saponified mixture is allowed to cool without salting out, it s(‘ts to 
a jelly-like substance When caustic potash is used for saponification 
and the product is allowed to set, a ^‘soft’’ soap is formed. Hard soaps 
are prepared hy using caustic soda and salting out. 

The properties of soaps in solution are important. When a soap 
goes into solution, hydrolysis takes place to a certain extent with th(^ 
formation of free fatty acid and free alkali The free fatty acid then 
foruis an acid salt with the unhydrolyzed soap. This acid salt gives rise 
to an opalescent solution and lowers the surface tension of the water 
with the result that a lather is readily formed. 

The property of soaps of lowering surface tension is the reason for 
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their producing very stable emulsions when added to oil and water (see 
chapter on colloids, p 11) 

Expt, 84, Hydrolysis of fat with allah Take 12 Brazil nuts, the seeds of Berthol- 
(Lccythidaceae) Crack the seed coats and pound the kernels in a mortar Put 
the pounded nut in a flask, cover it with ether, and allow the mixture to stand for 
2-12 hrs Filter into a weighed or counterpoised flask and distil ofl the other as in 
Expt 82 Weigh the oil roughly and add 4-5 times its weight of alcoholic caustic 
soda (prepai ed by dissolving caustic soda in about twice its weight of water and 
mixing the solution with twice its volume of alcohol) Heat on a water-bath until 
no oil can be detected when a drop of the mixture is let fall into a beaker of water 
Then add saturated sodium chloiide solution The soaxis will rise to the surface 
Allow the soaps to separate out for a time and then filter Press the soap dry with 
filter-paper, and test a portion to see that it will make a lather Neutralize the 
filtrate from the soap with hydrochloric acid and evaporate as nearly as possible to 
dryness on a water-bath Extract the residue with alcohol and filter Test the 
filtrate foi glycerol by means of the following tests 

(flf) To a little of the solution add a few drops of copper sulphate solution and 
then some sodium hydx oxide A blue solution is obtained owing to the fact that 
glycerol prevents the precipitatmn of cupric hydroxide 

(6) Treat about 5 c c. of a 0 5 % solution of borax with sufficient of a 1 % solu- 
tion of phenolphtbaloin to produce a well-marked red colour. Add some of the 
glycoiol solution (which has first boon made neutral by adding acid) drop by dro^D 
until the red colour just disappears Boil the solution : the colour returns. The lo- 
actiori IS probably explained thus. Sodium borate is slightly hydrolyzed in solution 
and boric acid, being a weak acid, is only feebly ionized, and therefore the solution 
18 alkaline. On adding glycerol, glyceroboric acid (which is a strong acid) is formed 
and so the reaction changes to acid. On heating, glyceroboric acid is hydrolyzed 
to glycerol and boric acid, and the solution again becomes alkaline 

(g) Heat a drop or two with solid potassium hydrogen sulphaio in a dry test-tube ; 
the pungent odour of acrol6in (acrylic aklekytle) should he noted 

CjjHsOa ' CHO -fSHgO, 

III addition to Brazil nuts, the following inatorial can also be used * 
endosperm of Coconut, ground linseed, almond kernels and shelled seeds 
of the Castor-oil plant {ItiGimis) about 50 gms. should be taken lu 
each case 

Expt 85 Jteactions of soaps {a) Talco BCmo of the soap which has boon filtered 
ofl'and shake up with water in a tosi-tube. A lather should be formed (/>) Make 
a solution of a little of the soap in a test-tube and divide it into three parts To each 
add respectively a little barium chloride, calcium chloride and lead acetate solutions. 
The insoluble barium, calcium and lead salts will be in'ocxpitated. (The curd which 
IS formed in the case of soap and hard water is the insoluble calcium salt ) Thirdly, 
take the i^emamdor of the soap and acidify it with dilute acid in an evaporating dish, 
and warm a little on a wator-bath. The soap is decomposed and the fatty acids are 
set free and rise to the surface. 
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Ex;pU 86 Reactions of fatty acids {a) Try tlie solubilities in other and alcohol 
of the acids from the previous exxieriment They are soluble (&) Shake an alcoholic 
solution of the fatty acids with dilute bromine water The colour of the bromine is 
discharged owing to the bromine forming additive compounds with the unsatuiated 
acids 

The question of the metabolism of fats in the plant is a very com- 
plicated one and has not yet been satisfactorily investigated. All plants 
may have the power of synthesizing fats, and a great number, as we have 
seen, contain large stores of these compounds in the tissues of the 
embryo, or endosperm, or both The point of interest is that of tracing 
the processes by which these fats are synthesized, and are again hydro- 
lyzed and decomposed The products of decomposition may seive for 
the synthesis of other more vital compounds as the ombiyo develops, 
and before it is able to synthesize the initial caibohydrates, and to* 
absorb the salts requisite for geneial plant metabolism 

One fact seems fairly clear, namely that when fat-con taming seeds 
germinate, an enzyme is present m the tissues which has the power of 
hydrolyzing fats with the foimation of fatty acids and glycerol Such 
enzymes are termed lipases 

The lipase which has been most investigated is that which occurs in 
the seeds of the Castor-oil plant {Riciniis commums) It has been shown 
that if the germinating seeds are crushed and allowed to autolyze 
(p 19) in the presence of an antiseptic, the amount of fatty acid in- 
creases, whereas in a control experiment in which the enzyme has bc*en 
destroyed by heat, no such increase takes place (Reynolds Green, 9, 10) 

Investigation has shown the enzyme to be pr*esent also in tlu' nesting 
seed, but in an inactive condition as a so-called zymogen (Armstrong, 
4, 5, 6, 7) The zymogen is considoied to be a salt and, after acadificja- 
tion with weak acids, the salt is decomposed, and the enzyme boconuns 
active After the preliminary treatment with acid, however, tlu^ enzyme 
IS most active in neutral solution. The effect of acid on tlu‘ zymogcui 
may be demonstrated by autolyzmg the ciushod seed with a httki 
dilute acetic acid, the increase of acidity will be found to be much 
greater than m the case of a control experiment in which aeul lias not 
been added. 

It has not been found possible to extract tlu' enzyme from the 
resting seed An active material can be obtained by digesting the 
residue, after extraction of the fat, with dilute acetic acid and finally 
washing with water This material can then be used for testing the 
hydrolytic power of the enzyme on various fats. 
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There is little doubt thcat hpaso catalyzes the synthesis of fats as 
well as the hydrolysis , the reaction, in fact, has been carried out to a 
certain extent in vitro 

Expt 87 DemonBtratio^i of the existence of Ivpase in ungerminated Ricuiub seeds 

A Remove the testas from about two dozen Rieinus seeds and pound the kernels 
up in a mortar Into three small flasks (a), (1)) and (c), put the following 

(a) 2 gms of pounded seed + 10 c c of wafcei 

(Jb) 2 gms of pounded seed + 10 c c of water 4- 2 c c of N/10 acetic acid. 

(<?) 2 gms of pounded seed -p 10 cc of water -{- 2 cc of N/10 acetic acid, and 
boil well. 

Add a few drops of chloroform to all throe flasks, plug them with cotton-wool, 
and allow them to incubate for 12 hours at 37® 0 Then add 2cc of N/10 acetic 
acid to flask {a\ and 25 o c of alcohol to all three flasks Titrate the fatty acids 
present with N/10 alkali, usings phenolphthalein as an indicator, A greater amount 
of fat should be hydrolyzed m {h) than in (a), and also slightly more in {a) than in 
(c) The addition of alcohol checks the hydrolytic dissociation of the soap formed on 
titration 

B Pound up about 15 gms of Rieinus seeds which have been freed from their 
testas, <uidlot the pounded mass stand with ether for 12 hrs. Then filter, wash with 
ethor and dry the residue Weigh out three lots, of 2 gras each, of the fat-froe meal 
and treat as follows 

(a) Grind up the 2 gms of meal in a morfcar with 16 o c of N/10 acetic acid 
(i e 8 c c of acid to 1 grn of moalj, and lot it stand for about 15 minutes Then 
wash well with water to free from acid, and transfer the residue to a small flask 
Add 6 c 0 of castor oil, 2 c c. of water and a few drops of chloroform 

(J)) Treat the 2 gms of meal as in (a), hut, after washing, and before transferring 
to the flask, bod well with a little disiillocl water Add 5 c c. of oil, 2 c c. of water 
and a few drojis of oliloroforin 

(o) Put the 2 gms. of meal into the flask without treatment and then add 5 e c 
of oil, 2 c c of water and a few drops of chloroform. 

Incubate all throe flasks for 12 hours, and then titrate with N/10 caustic soda, 
after addition of alcohol as m A A certain amount of acetic acid is always retained 
by the seed residue, and this is asceriamod from the value for flask (/;). Plask (6*) 
will act as the control 

Another (luoskon to be considered is the mode of synthesis in the 
plant of the complex fatty acids which form the components of the fats 
No conclusive work has boon done in this direction, but many investi- 
gators have held the view that the fats arise from carbohydrates, notably 
the sugars. In fact, it has been shown that in Paeonia and RioinnSj as 
the seeds mature, carbohydrates disappear and fats are formed. 

The sequence of events, however, in the synthesis of fatty acids 
from sugars is very obscure. If we examine the formulae, respectively, 
of a hexose 

CHaOH • CHOH • CHOH • CHOH • CHOH ■ CHO 
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and a fatty acid, e g myristic acid 

H^C—CHa’CHa CHg CHa'CHa CHg CHg CHg CHg CHa CHg CHg ’ COOH 
it is seen that three mam changes are concerned m the synthesis of 
such a fatty acid from siigai’, i e reduction of the hydroxyl groups of the 
sugar, conversion ol the aldehyde group into an acid group, and finally 
the condensation or linking together of chains of carbon atoms. An 
interesting fact m connexion with this point is that all naturally occiii- 
ring fatty acids have a straight, and not a branched, carbon chain It 
has been suggested (Smedley, etc , 11-13) that acetaldehyde and a 
ketonic acid, pyruvic acid, may be formed from sugar. By condensation 
of aldehyde and acid, another aldehyde is formed with two more carbon 
atoms By repetition of the process, with final i eduction, fatty acids 
with straight chains are produced. 
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AROMATIC COMPOUNDS AND OXIDIZING ENZYMES' 

The aroinaiic compounds may bo defined as substances containing 
the benzene carbdn ring or a similar ring A very great number occur 
among the higher plants but of these many are restiicted in distribution, 
and may only be found m a few genera or even in one genus , others, 
on the other hand, are widely distributed At present oui knowledge of 
the part they play in general plant metabolism is obscure. 

The more widely distributed aromatic plant products may be grouped 
as 

1 The phenols, and their derivatives. 

2 The aromatic alcohols, aldehydes and acids (including the tan- 
nins), and their derivatives. 

3 The flavone, llavonol and xanthone pigments, known as the soluble 
yellow colouring matters. 

4 The anthocyan pigments, known as the soluble red, purple and 
blue colouring matters. 

In connexion with the aromatic compounds it should be noted that 
many of them contain hydroxyl groups, and one or more of these groups 
may be replaced by the glucose residue, CoHnOr, — , with elimination of 
water and the formation of a glucoside, in the way already described 
(see p 48). The majority of such compounds are somotnues classed 
together as a group — the glucosides — regardless of the special nature of 
the substance to which the glucose is attached (this course has been 
followed to some extent m Chapter ix with compounds, the chief 
interest of which lies in their glucosidal nature) In treating of the 
aromatic substances m the following pages, mention will bo made when 
they occur as glucosides, this combination being in these cases only a 
subsidiary point m their structure. 

The various groups of aromatic substances will now be considered 
xn detail 

Phenols. 

There are three dihydric phenols, resorcinol, catechol and hydro- 
(luinonc, but of these only the last is known to exist in the free state in 
plants. The two former frequently occur as constituents of complex 
plant products, and may be obtained on decomposition of such complexes 

VktT ■PncaiA'n wi+L Q+VA-nne nllrcili nfr* 
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Hydroqumone has been found in the free state in the leaves and 
flowers of the Cranberry {Vttocimum Vitis-Idaea). As a glucoside, 
known as arbutm, it occurs m many of the Ericaceae (see also p. 151). 

PhloroglUGin is the only member of the trihydroxy phenols found 
imcombmed in plants It is very widely distributed in the combined 
state in various complex substances (Waage, 27) 
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Aromatic Alcohols and Aldehydes 
The following are some of the better known compounds of this group* 
Saligenm, or salicylic alcohol, m the form of the glucoside, sabcin, 
occurs in the bark of certain species of Willow (Sakff^), and in the 
flower-buds of the Meadow-sweet (Spiraea Ulmaria) Salicin is hydro- 
lyzed by an enzyme contained in the plant in which it occurs, into 
saligenin and glucose (see also p. 152) 

CH,;OH 

Aoh 

\/ 

Saligenin 

Salicylic aldehyde occurs in siiecies of Spiraea and other jilants. 
Coniferyl alcohol, as a glucoside, coniforin, is found in various 
conifers and also m Asparagus (Asparagta> officinalis) Comfonn is 
hydrolyzed by dilute acids or by enzymes (emulsin) intr) coniferyl alcohol 
and glucose (see also p 161). 

CH = CH-*-CHgOH 
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\yOCH3 ^ 

OH 

Conifer vl fllenlinl 



VIl] 


OXIDIZING ENZYMES 


89 


Comferyl alcohol when oxidized yields the aldehyde, vanillin (so 
much used for flavouring), which occurs m the fruits of the Orchid 
( Vanilla plamfoha). 


Aeomatic Acids 

Of this group the following are some of the host known representa- 
tives 

Salicylic acid is a monohydroxyhenzoic acid It occurs both in 
the form of esters and in the free state m various plants 

Protocatechixic acid is a dihydroxybenzoic acid. It has been found 
in the free state in a few plants, but is more widely distributed as a 
constituent of many plant products As will be shown later it forms 
the basis of one of the senes of tannins. 


COOH COOH 
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Salicylic acid 

OH 

Protocatechuic acid 

Gallic acid is a trihyclroxybenzoic acid * 

COOH 

A 


OH 


It occurs free in gall-nuts, in toil, wine, the bark of some trees and 
in various other planLs It forms a constituent of many tannins It is 
a crystalline substance not very readily soluble m cold but more soluble 
in hot water. In alkaline solution it rapidly absorbs oxygen from the 
air and becomes brown in colour 

Msopt 88 The (wtiaetion aifd reactions of gallic acid Take 100 gms. of tea, diy 
in a steam oven and gniul in a mortar Put the powder into a flask and cover well 
with ether The preliminary drying and grinding can be omitted, but if carried out 
will make the extraction more complete. After at least 24 hrs fltor off the extract, 
and either distil or evaporate off tbe ether The ether will bo coloured doe}) green 
by the chlorophyll present in the dried leaves, and a green residue will bo left. A.dd 
about 20 c.o. of distilled water to the residue, heat to boiling and filter Heating 
IS necessary because the gallic acid is only sparingly soluble in cold water Keep the 
residue for Expt 91 With the filtrate make the following tests; for {a\ (6) and (e) 
dilute a few drops of the filtrate in a porcelain dish 

(a) Add a drop of ferric chloride solution. A blue-black coloration is given. 
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(&) Add a drop or two of iodine solution. A transient red colour appcrars 
(c) Add a drop or two of lime water A reddish or blue coloration will be given, 
{d) To a few c c of the filtrate in a porcelain dish add a little lead acetate solu- 
tion A precipitate is foimod which turns red on addition of caustic potash solution, 
and dissolves to a red solution with excess of potash 

(c) To a few c c of the filtrate in a test-tube add a little potassium cyanide 
solution A pink colour appears, but disappears on standing On shaking with air it 
reappears 

(/) To a few c c of the filtrate m a test-tube add a few drops of 10 ‘’/y gelatine 
solution 1^0 xirecipitate is formed 

{g) To a few c c of the filtrate in a test-tube add a little lead nitrate solution 
No precipitate is formed 


Tannins. 

This IS a large group of substances, many of which are of comjilex 
composition They arise in the plant from simpler compounds, such as 
protocatechuic, gallic and ellagic acids Their formation takes plac(^ in 
various ways, either by condensation, accompanied by elimination of 
water, or by oxidation, or both, there may also be condensation with other 
aromatic complexes 

The tannins are widely distributed in the higher plants and, although 
no very systematic investigation has been made, it is obvious that some 
plants aie rich in these substances, others poor, and oLhers, again, 
apparently entirely without them. The tannins generally occur m 
solution ill the cells of tissues of the root, stem, leaf, fruit, seed and 
flowers sometimes they are confined to special cells, tanmn-sacs, but 
after the death of the cell, the cell-walls of the dead tissue bocom(^ 
impregnated with the tannin. In tannm-producing plants, the Lamnn 
IS generally found throughout the plant, and it probably tends to 
accumulate in permanent or dead tissues, such as the bark (dead cort(*x 
and cork), woody tissue, underground stems, etc. 

Tannins appear to be more frequent in woody than in herbaceous 
plants, though in the latter they naturally only accumulate m the 
persistent underground stems and root-stocks In annuals, also, tannins 
seem to be more rare • this may be duo to the fact that m a short-lived 
plant, comparatively little tannin is formed and is not so readily detected 
as in the tissues of a perennial. 

In certain plants which are highly tannin-producing and are also 
woody perennials, the bark becomes very rich in tannins. These barks 
are consequently of considerable commercial importance for tanning of 
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leather Ah examples may be taken species of Caesalpinia^ Spanish 
Chestnut {Gastanea), Eucalyptus, Oak (Q^fcerc^/5), Mangrove (Rhis^ophora), 
Sumac (Rhus) Tannins also occur in quantity m galls, especially on 
species of Qitercus. 

As a class, the tannins aie non-crystallme and exist in the colloidal 
state in solution. They have a bitter astringent taste. They have 
certain properties and reactions in common, i e they precipitate gelatine 
from solution, are themselves precipitated from solution by potassium 
bichromate, and give cither blue or green 'colorations with solutions of 
iron salts. Many tannins occur as glucosides but this is by no means 
always the case 

It IS possible to classify the tannins into two groups accoidmg as 
to whether they are complexes derived fi*om protocatechuic acid or gallic 
acid 

1 The pyrogallol tannins. These give a dark blue colour with 
ferric chloride solution, and no precipitate with bromine water. 

2, The catechol tannins. These give a greenish-black colour with 
iron salts, and a precipitate with biomme water 


Expt 89 Reactions of tannins Take throe oak galls (the brown galls foi mod by 
spocios of Cymps ou the Common Oak) and pound thorn finely in a mortar Boil up 
the powder well with a small amount of water in an evaporating basin and let stand 
for a short time. Tlien filter The filtiaio will contain tanmn together with 
impuiiiies Make the following tests with the extract . 

{a) Put 2 c c of the tannin extract into a small evaporating dish, dilute with 
water, and add a dro]) or two of feme chloride solution A deep blue-black colour is 
produced 

(&) Put 2 or 3 drops of the tanmn extract into a small evaporating dish, and 
dilute with water add a little dilute ammonia and then a few drops of a dilute 
solution of pota,ssmm ferricyamde solution. A red coloration will appear 

(c) To 5 cc of the tanmn solution ni a test-tube add some strong potassium 
dxchromate .solution The tannin will be iirocipitated. 

{d) To about 5 c c of the tanmn extract in a test-tube add a little lead acetate 
solution The tannin will be precipitated, 

(e) Molt a little of a 10 7o solution of gelatine by warming gently and then pour 
drop by drop into a test-tube half full of tanmn extract. The gelatine will be 
precipitated 

« For the above tests, in addition to galls, the bark stripped from two to throe year 
d t\Ms of Quereus may also bo used, and will give the same imctions The bark 
should bo cut into small pieces for extraction. 

It should be noted that although many tannins give the above 
reactions, it does not necessarily follow that all tannins will give all the 
reactions. 

) 
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To demonstmte the exiUenee of pyrogallol and oatechol tannins The 
a pyrogallol tannin which gives a blue reaction with iron salts has 
ted in the last experiment on the Oak galls and the bark from Oak twigs 
the Sumac {Rhus Conaria) and the fruit pericarp, leaves and bark of the 
nut {Gastanea vuJgans) may be used as additional material for pyrogallol 

on-greemng tannin stiip ofi‘ the outer bark from two to three year old 
Horse Chestnut {Aescidus H'ippocastanmn) Cut or tear the bark into 
and boil nell with a little water in an evaporating dish Filter and test 
i7ith feiric chloride solution as in Expt 89 A gieen ooloiation will be 
-greening tannins may also be extracted from the bark of twigs of the 
dans regia) and of the Larch {Larin em opaea) 

,se of both classes of tannins, in addition to the feiric chlonde reaction, 
Expt 89 {c) and {e) should also be made on the extracts, in ordoi to 
presence of tannin, since other substances, such as flavones, may give a 
with iron salts (see p 94) 

the individual tannins will now be considered 

anniG (or tannic) acid is one of the most important of the 
tannins. It occurs in Oak galls and Oak wood, m tea, in the 
ULs Goriaria), etc According to recent investigations (Fischer 
enberg, 8) tannic acid may be regarded as a compound of one 
f glucose with five molecules of digallic acid in which five 
of the sugar are esterified by five molecules of acid • 

CH2(0X) CH(OX) CH CH(OX) CH(OX) CH(0XJ 


x= —CO CoH2(OH)2 O CO C(3H2(OH>j 
acid IS an almost colourless amorphous substance* It has an 
taste, as soluble in water and alcohol, only slightly soluble^ in 
insoluble in chloroform It is decomposed, by boiling with 
diloric acid, into gallic acid 

Entr action and reactiom of tannic {or gallotannic) acid. By a crude 
iitioii of gallotannic acid can be obtained from tea* About 5 gms of the 
' the extraction with ether an Expt 88, is again oxti acted with other 
5 which will remove all but traces of gallic acid. Boil up tho residue from 
little water and filter With the filtrate make the following tosis wliich 
between gallic and gallotannic acid 

>out 10 c c add a little 10 % gelatine The gelatine is iirocipitatod 
Little of the filtrate add a few drops of lead nitrate solution. The tannic 
iitated 

*mmg tests are given m common with gallic acid. If the extract is too 
ite with water 

j a few drops of the filtrate with water in a porcelain dish and add a 
i chloride solution A blue-black colour is given 
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(d) Dilute few drop.s of the filtrate with water m a porcelain dish and add a 
drop 01 two of iodine solution A transient led colour is formed 

{e) To a little of the filtrate in a test-tube add a few drops of potassiiini cyanide 
solution A reddish-brown colour is formed which changes to brown but becomes 
red again on shaking with air 

In addition to tannic acid, a great many other tannins are known, 
but their constitution is obsciue 

Mvpt 92 To deiiiomimte that in taumn-contaimug plants the tannin may he 
(dso piesent m the leaves Take about two dozen loaves of the Common Oak 
Rohitr) and pound them in a mortai% Then boil the crushed mass m an 
evaporating dish with a little water Filter, an<l with the filtiate make the tests for 
tannin Leaves of other trees also may be used, eg the Wig Tree {Rhus Gotmus), 
Sweet Chestnut {Oastanea oidgans) 

E%pt 93 To domonstutte that tannins may he present in herbaceous as ivell as 
xooody plants, Ext-raet some leaves, as in the last experiment, of Scarlet Geranium 
{Pelargonium zonale) and tost for tamim 

Expt 94 To demonstrate that tannins may he present in peUds and fruits^ in 
addition to other parts of the plant Extract and test lor tannins as in the last experi- 
ment, using petals of Pelargonium zonale^ Common Paeony {Paeoma ofioinahs) or 
Rose (any garden variety), mfloresconco of Flowering Currant {Rihes saiigmneum),, 
fiowors of Horse Chestnut {Aeseidus Ilippoeastanum) or pericai’p of KSweot Chestnut 
{Gastanea), 


The Flayone and Flavonol Pigments. 


These yellow colouring matters are very widely distributed in the 
higher plants (Shibata, Nagai and Kishida^ 26). They are derived from 
the mother substances, flavouo and flavonol, the latter only differing 
from the former in having the hydrogen m th(‘ central y-pyrone ring 
substituted by hydroxyl : 




hlavono 
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C.OH 

Flavonol 


The naturally occurring pigments, however, have additional hydro- 
gen atoms replaced by hydroxyl groups, that is they are hydroxy- 
flavones and flavonols, and the various members differ among each other 
in the number and position of these hydroxyl groups Some of the 
members are widely distributed, others less so. Quite often more than 
one representative is present in a plant. 
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The flavone and flavonol pigments are yellow crystalline substances, 
and as members of a class they have similar properties. They occur in 
the plant most frequently as glucosides, one or more of the hydroxyl 
groups being replaced by glucose, or, sometimes, by some other hexose, 
or pentose. In the condition of glucosides, they a!*e much less coloured 
than in the free state, and, being present in the cell-sap in very dilute 
solution, they do not produce any colour effect, especially in tissues 
containing chlorophyll. Occasionally they give a yellow colour to tissues, 
as in the rather rare case of some yellow flowers {Antirvhinuni) where 
colour IS due to soluble yellow pigment. 

In the glucosidal state, the flavone and flavonol pigments are, as a 
rule, readily soluble in water and alcohol, but not in ether In the non- 
glucosidal state they are, as a rule, readily soluble m alcohol, somewhat 
soluble m ether, but soluble with difficulty in water 

The flavone and flavonol pigments can be easily detected in any 
tissue by the fact that they give an intense yellow colour with alkalies 
( Wheldale, 29). If plant tissues be held over ammonia vapour, they turn 
bright yellow, showing the presence of flavone or flavonol pigments the 
colour disappears again on neutralization with acids (The reaction is 
especially well seen in tissues free from chlorophyll, such’as white flowers ) 
This reaction will be found to be almost universal, showing how wide is 
their distribution With iron salts, solutions of the pigments give green or 
brown colorations With lead, insoluble salts are formed Several of 
the members are powerful yellow dyes, and hence some plants m which 
they occur, such as Ling {Erica oinerea)^ Dyers Weld or Rocket {Reseda 
hiteola), have been used for dyeing purposes The value of those colour- 
ing matters as dyes has led to their chemical investigation, and as a 
result the constitution, etc, of the hydroxy-flavones and flavonols is 
well established 

Rapt 95 Demonstration of the presence of flavone or flavonol pigmmU in tissues 
uuthout chlorophyll. Take flowers of any of the iindormeiitioned spccios and put 
them m a flask with a few drops of ammonia They will rapidly turn yellow owing 
to the formation of the intensely yellow salt of the flavone or flavonol pigments 
piesent in the cell-sap. If the flowers are next treated with acid the yellow colour 
"Will disajipear 

Also make an extract of some of the flowers with a little boiling water, Filter, 
cool and add the following reagents 

{a) A little alkali A yellow colour is produced 

(6) A little ferric chloride solution. Either a green or brown coloration is 
produced. 

(c) A little basic lead acetate solution A yellow precipitate of the lead salt of 
the flavone or flavonol pigment is formed 
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The flowei'H of the following species can be used Snowdrop {Galanthus mmlis)^ 
Narcissus {Mm cissits poettcus), white variety of Lilac {Syringa milgaus\ Hawthorn 
{Crataegus 0,Tyaoantha\ White Lily {Lihum candid%im\ white var of Phlox, double 
white Pink, white Stock {Matthiola) etc , etc , in fact almost any species with white 
flowers or a white variety 

Expi 96 Demonstration of the p'^esenee of Jiavone or fiavonol pigments in tissues 
containing chlorophyll. Make a hot water extract of the leaves of any of the under- 
mentioned species Make with it the same tests as in the previous experiment. 

The following plants may be used Snowdrop {Qalantims mvalts\ Dock {Rumecc 
ohtusifolins\ Gout weed {Aegopodmm Podagrana)^ Dandelion {Taraxacum officinale),, 
Violet {Viola odoiata),, Pibwort Plantain {Plantago lanceolata), Elder {Samhucus 
nigra). 

The most important flawne pigments are apigenm, chrysm and 
iuteolm 

Apigenin has not yet been found to be widely distributed. Its 
formula is 



It occurs in the Parsley {Carum Petroselinum) (Perkin, 18) and in 
the flowers of the ivory-white variety of Snapdragon (Antirrinnum 
majus) (Wheldalc and Bassett, 30). 

Eiipt 07 Extraction of apiin^ the glucosido of apigmin^from the Parsley (Carum 
Potroselinum). Take some Parsley loaves and boil m as little water as possible 
Piltor ofl’ the extract and make the following tests for apigenm * 

{a) Add alkali A lemon yellow coloration is given. 

{h) Add basic load acetate solution A lemon yellow precipitate is formed 
(6') Add feme chloride solution A brown colour is produced, 

{d) Add ferrous sulphate solution A reddish-brown colour is produced. 

Apiin frequently separates out in a gelatinous condition from aqueous 
and dilute alcoholic solutions. 

Chrysin is a flavone occurring m the buds of various species of 
Poplar {Populus) It has the foirnula 
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Luteolin does not appear to be widely distributed, tliougli possibly 
it occurs m many plants m which it has not yet been demonstrated. Its 
formula is represented as 



It occurs in the Dyer’s Weld or Wild Mignonette {Reseda hiteola) 
(Perkin, 17), Dyer’s Greenweed or Broom {Genista tinetorm) (Perkin, 23) 
and in the yellow variety of flowers of the Snapdiagon {Antii rhinum 
majus) (Wheldale and Bassett, 32) It has been much used as a yellow 
dye hence the names of the first two plants (Perkin and Hoisfall, 20) 

The most important flavonol pigments are queicetm, kaempferol, 
myricetm and fisetin 

Quercetin is apparently one of the most widely distributed of the 
whole group of yellow pigments, and has the formula 



It occurs, either free, or combined with various sugars (glucose, 
rhamnose) as glucosides, in many plants, as for instance the following : 
in the bark of species of Oak {Querovs), in berries of species of Buck*' 
thorn {Rhamnvs), in flowers of Wallflower {Gheiranthus Clmri), Hawthorn 
{Crataegus Omyacantha) (Perkin and Hummel, 22), Pansy {Viola tricolor) 
(Perkin, 19) and species of Narcissus in leaves of Ling {Calluna erica) 
(Perkin, 23), and the outer scale leaves of Onion bulbs (Peikin and 
Hummel, 21) 

Expt 98. Preparation of a glucoside of ipiercetin from Nareissus flowers, The 
species of Narcissus which can be used are N Tazetta^ N incomparabiiis^ and any of 
the common yellow trumpet varieties Pound about 50 flowers in a mortar and then 
extract in a flask with boiling alcohol Filter off the alcoholic extract and evaporate 
to dryness , then add a little water and ether and transfer the whole to a sejiarating 
funnel The ether takes up the plastid pigments, but at the plane of separation of the 
liquids, the glucoside separates out as a crystalline deposit This can bo filtered off * ; 
with a dilute solution in alcohol make the following tests 

(a) Add a little alkali The yellow colour is intensified, but the intensification 
disappears on adding acid 
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(h) Add a little lead acetate solution Ad oiange precipitate of the lead wait 
formed 

(c) Add a little ferric cliloiide solution A green coloration is produced 

(a) Heat some of the alcoholic solution on a watei-bath, acidify with stion 
hydrochloric acid and add zinc dust A magenta colour is pioduccd (see 106) 

Mvpt 99 Preparation of crude quercetin from Onion s/ana (Peikm, 21) Tak 
about 50 gins of the brown outei skins of onions and boil with 900 c c of water fo 
an hour Then lilter and allow the filtrate to stand for 24 hrs A brownish'y6llo\ 
deposit IS formed which is crude quercetin Piltcr this off and dissolve in 75^/ 
alcohol and allow to ovaiiorato slowly Quercetin will be doi>osited With a solutioi 
in dilute alcohol make the same tests as in the last e\:periment 

100 Preparation of a (piercetin glueoi^ide fiom Wallfloim (Choil*anthuf 
Ohoin) iioivers (Perlnn and Hummel^ 22) Take 20 gins of petals of fioweis of eithei 
the brown or yellow variety and drop them into boiling alcohol in a flask Filter anc 
evaporate the oxtiact to dryness on a water-bath Dissolve the residue m water ano 
add other In the case ol the yellow variety the yellow plastid pigments are taker 
up by the other, and the quercetin glucoside partly crystallizes out from the watei 
as in Expt 98 In the case of the blown variety both quercetin glucoside and 
anthocyan pigment arc present as well as plastid pigments The two former go into 
solution in the Wtilcr and the glucoside in time crystallizes out In either case the 
glucoside can be filtoied off and tested as in the previous experiment A positive 
result will be given in oacli case. 

Kaempferol occurs in the flowers of a species of Larkspur {Delph%- 
mimi Gomohda) (Perkin and Wilkinson, 25) and Pi^unus (Perkin and 
Phijips, 24) and in the leaves or flowers of several other plants. It has 
the formula 



Myricetin and fisetm are two other flavones which have been found 
in species of Sumac {Rhus) and other plants. They have respectively 
the formulae * 
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The Anthocyan Pigments. 

These pigments are the substances to which practically all the blue, 
purple and red colours of flowers, fruits, leaves and stems are due 
(Wheldale, 3) They occur in solution in the cell-sap and are very 
widely distributed, it being the exception to find a plant m which they 
are not produced As members of a group, they have similar properties, 
but differ somewhat among themselves, the relationships between them 
being much the same as those between the various flavone and flavonol 
pigments They occur in solution in the cell-sap but occasionally they 
crystallize out in the cell They are present in the plant in the form of 
glucosides, and in this condition they are known as anthoGyamns , as 
glucosides they are readily soluble m water and as a rule in alcohol 
[except blue Columbine {Aqmlegia), Cornflower {Gentanrea Gyanus) and 
some others] but are insoluble m ether and chloroform The glucosides 
are hydrolyzed by boiling with dilute acids, and the resulting products, 
which are non-glucosidal, are termed <mthoGyitnid%ns (Willstattcr and 
Everest, 35) The latter, in the form of chlorides, are insoluble in ether, 
but are generally soluble in water and alcohol The anthocyamns can 
be distinguished from the anthocyamdins in solution by the addition of 
amyl alcohol after acidification with sulphuric acid. The anthocyamdins 
pass over into the amyl alcohol, the anthocyamns do not. The antho- 
cyanins and anthocyamdins themselves (with one exception) have not 
yet been crystallized, but of both classes crystalline derivatives with 
acids have been obtained (Willstatter and Everest, 35). 

In considering the reactions of anthocyan pigments the difference 
between those given by crude extracts and those of the isolated and 
purified substances must be borne in mind. With acids the anthocyan 
pigments give a red colour with alkalies they give, as a rule, a blue or 
violet colour when pure, but if flavone or flavonol pigments are present 
(as may be the case in a crude extract) they give a green colour, due to 
mixture of blue and yellow. In solution in neutral alcohol and water 
many anthocyan pigments lose colour, and this is said to be duo to the 
conversion of the pigment into a colourless isomer which also gives a 
yellow colour with alkalies (Willstatter and Everest, 35), hence even a 
solution of a pure anthocyan pigment may give a green coloration wuth 
alkali due to mixture ot blue and yellow. The isomerization can be 
prevented or lessened by addition of acids oi of neutral sails which form 
protective addition compounds with the pigment With lead acetate 
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anthocyan pigments give insoluble lead salts, blue if the pigment is 
pure, or green, as m the case of alkalies, if it is mixed with flavone or 
flavonol pigments, or the colourless isomer 

When anthocyan pigments are treated with nascent hydrogen, the 
colour disappeais but returns again on exposure to air It is not known 
what reaction takes place 

Ex'pt 101 The reaciiom of antliocyanins and anthocyanidins Extract petals of 
the plants nioationed below with boiling alcohol in a flask Note that the anthoc;^an 
colour may disappear in the alcoholic extract Filter off some of the alcoholic extract 
and make the following tests {a) and (&) with it 

{a) Add a little acid and note tho bright red colour 
(&) Add a little alkali and note the green colour 

The decolorized petals, aftoi Altering off the extract, should be warmed with a 
little water in an evaporating dish Tho colour is brought back if pigment is still 
retained by them 

Evapoiate the remainder of the alcoholic extract to dryness and note that the 
anthocyan colour returns Dissolve the residue in water and continue the following 
tests, taking a little of the solution in each case 

{c) Add ether and shake Tho anthocyan pigment is not soluble in ether. 

{d) Add acid A bright red colour is produced 

(e) Add alkali A bluish-green or green colour is produced which may pass to 
yellow 

(/ ) Add basic or normal lead acetate solution, A bluish-groen or green precipitate 
Ls produced 

{g) Add a little sulphuric acid and then amyl alcohol and shake the latter does 
not take up any of the red colour, indicating that the pigment is in the anthocyanin 
(glucosidal) state 

(A) Heat a little of the solution on a wator-bath with dilute sulphuric acid and 
then cool and add amy] alcohol The colour will pass into the amyl alcohol, indicating 
that tho pigment is now m the anthocyanidin (non-glucosidal) state. 

(^) Acidify a little of the solution with hydrochloric acid and add small quantities 
of zinc dust. Tho colour disappears Filter off the solution and note that the colour 
rajudly returns again 

For the above reactions it is suggested that tho following flowers be used as 
material magenta Snapdragon {Antirrhinmn'majns)^ brown Wallflower {Olieiranthus 
€/mn\ crimson Paeony {Paeonia ofjlQin(du\ magenta “Cabbage” Bose, Violet 
( Viola odouita\ but the majorifcy of coloured flowers will serve equally well 

Though the above represent the reactions and solubilities given by 
the greater number of anthocyan pigments, it will be found that all are 
not alike in these respects 

Esopt. 102. Demonstmiion that anthocyanins may he imoluhle in alcohol hxU sohthle 
in water. Extract petals of any of the species mentioned below with boiling alcohol 
and note that they do not lose their colour. It will be found that tho pigments are 
either completely or largely msoluble in alcohol, but arc soluble m water Test the 
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water extract as in Expt 101 (e)~{i) Also take equal quantities of the water extract 
in two evaporating dishes To one add sodium chloride Note (as mentioned above, 
see p 98) that the colour fades less rapidly from the extract containing the salt The 
fioweis of the following species can be used . blue Larkspur (Delphmmi), Ooiiiflowci 
{Centawea G^amts)^ blue Columbine {Aquilegia) 

There is a small group of plants belonging to some allied natural 
orders, of which the anthocyan pigments give chemical reactions still 
more different from the general type already described, though they 
nevertheless resemble each other Such, for instance, are the pigments 
of various genera of the Chenopodiaceae [Beet {Beta), Orachc (AtT%plex)\ 
Amarantaceae {Amaranthus and other genera), Phytolaccaceae {Phyto- 
lacca) and Portulacaceae {Portulaca) These anthocyan pigments are 
insoluble in alcohol but soluble in water they give a violet colour with 
acids, red to yellow with alkalies, and a red precipiiato with basic lead 
acetate 

Expt 103 Reactions of the BeeUroot (Beta vulgans) pigment Take some Beet- 
root leaves, tear them into small pieces and put them into alcohol Allow the leaves 
to stand for some time and note that the chlorophyll is exti acted but the red jugmciit 
IS insoluble Then pour off the alcohol and add water the red pigment goes into 
solution "Filter off* the solution and make the following tests 

{a) Add acid The pigment turns violet 

(5) Add alkali The pigment becomes redder and finally turns yellow 

(c) Add basic lead acetate A red precipitate is formed 

{d) Acidify with hydrochloric acid and add zinc dust The colour disappcais, but 
on filtering off from the zinc it does not return again. 

Anthocyan pigments may also occur in leaves, and this is very obvious 
in red-leaved varieties of various species such as the Copper Beech, the 
Red-leaved Hazel, etc 

Esapt 104 Exti action of anthocyan pigment from the Red-leaved Hazel Extract 
some leaves of the Blood Hazel {Corylus AveUanamir. ruha) with alcohol Filter off 
and evaporate the solution to dryness Add water Pour a little of the crude mixture 
m the dish into a test-tube and add ether. There will be a sejiaration into a green 
ethereal layei containing chloiophyll, and a lower water layer containing anthocyan 
pigment. Filter the extract romaiiimg in the dish and with the filti'ate make the 
tests already given m Expt 101 {c)~{i) 

The leaves of the Copper Beech {Fagiis sylvatica var purpurea) can also he used 

In many flowers, the cells of the corolla may contain yellow plasLid 
(see p 39) in addition to anthocyan pigments. The colour of the petals 
IS in these cases the result of the combination of the ^ two, and is usually 
some shade of brown, enmson or orange-red, as in the brown-flowered 
variety of Wallflower {Cheirantlms Chevn) 
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Expt 105 Demonstmtion of the p'iesence of anthocyo/n and plastid pigmeiiU 
together %n petals {see also Expt 100) Extiact petals of the browu-flowered variety ol 
Wallflower with alcohol Filter, and evaporate the extract to dryness Take up 
with watei and add ether Pom the mixture into a separating funnel The plastid 
pigment will prxss into solution in the ether, and the anthocyan pigment will remain 
in the water Test the aqueous solution as in Exjit 101 (c)-(^) 

The following may be used as material ray florets of bronze or crimson Ohrys- 
of GaiUardia,txn& orange-red flowers of Nasturtium {Tropaeolum 

niagns) 

Anthocyamns and anthocyanidms have been isolated from various 
species The pigments themselves with one exception have not been 
obtained m the crystalline state, but crystalline compounds with acids 
have been piepared both of the glucosidal and non-glucosidal forms. 

All the pigments so far described appeal to be derived from three 
fundamental compounds, pelargonidin, cyanidin and delphimdin, of 
which the chlorides are represented thus * 



OH H 

DGlphuiidm chlorido 


It has been suggested, at least in the case of cyanidin, the pigment 
of the Cornflowei (Gentaurea Oijanits), that the pigment itself is a neutral 
substance, purple in colour and of the following structure (Willstatter, 
33 , 36 ). 





OH H 


r> f 
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Further, that the blue pigment of the flower is the potassium salt 
of the puiple, and the red acid salt, cyanidm chloride, depicted above, is 
a so-called oxonium compound of the purple 

Pelargonidm, moreovei, has been prepared synthetical ly**( Wills tatt(‘r 
and Zechmeister, 45). 

The above three pigments, either as glucosides or in the form of 
methylated derivatives, are found in a number of plants which are listed 
below (Willstatter, etc, 33-46) The sugar lesiducs or methyl groups 
may, of course, occupy different positions, thus giving rise to isomers * 


Jallistepliin 

'elargoniu 


PeUrgonidin. 




Moiioglucoside of pelargonidm Flowers of Aster {OalliHephus vJnnensis) 
Biglucoside of pelargonidm Flowers of Scarlet CIcraiuum {J^elargoimm 

zonale\ iiink var of Cornflower {Oo^ntanrea 
Gyanus)^ and certain \ars of Dahlia {!) 
vanabilis) 


Lsterm 

Ihrysanthemm 

daein 

lyanin 


rlekocyanm 

Ceracyanin 

^eomn 


Cyanidm. 


Monogliicoside of cyamdin 
l^fonoglucoside of cyanidm 
Monogalactoside of cyamdin 
Diglucoside of cyanidm 


Digliicoside of cyamdin 
Rhamnoglueoside of cyamdin 
Diglucoside of peomdm (cyamdin 
monoetliyl other) 


Flowers of Aster {CalUstephusi tMnoniH) 
Flowers of Chrysanthoumm {G. indicmi) 
Fruit of Ci’anberry ( Vmnimmi ViU^-Idaea) 
Flowers of CornOowor {Gentawna Gyanm\ 
Rosa galUca and certain vars of Dahlia 
(/> mnahilis) 

Flowers of Poppy {Fapaver Rhoeas) 

Fruit of Cherry (Prmms Gmuus) 

Flowers of Paeony {Paeonia ojjicmalis) 


I lolanm 
3elphmm 

impelopsin 

Vfyrtillm 

^.Itbaem 

Petiinin 

Vlalvin 

3emn 


Delphimdin. 

Rhamnoglueoside of delphimdin Flowers of Pansy ( Viola trkolor) . 

Diglucoside of delphimdin + Flowers of Larkspur {Delphinium consohda) 
f?-hydroxyben550ic acid 

Monoglucoside of ampolopsidin Fruit of Virginian Creeper {Ampdopsis quin- 
(delphimdin monometbyl ether) quefolia) ^ 

^ - ^ ' of myrtillidin Fruit of Bilberry ( Facemwm 

, • i ■ onomethyl ether) 

Monoglucoside of my rtilhdm Flowers of deep purple var. of Hollyhock 

• {Althaea rosea) 

Diglucoside of petumdm (delphi- Flowers of Petunia (P violacm) 
iiidin monometbyl ether) 

Diglucoside of malvidm (delplii- Flowers of Mallow (Malm sylvestrU) 
nidin dimethyl ether) ' 

Monoglucoside of oenidm (delphi- Fruit of Grape ( Vitis nnifera) 
nidin dimethyl ether) ' 
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Of the methylated compounds, myrtillidin and oenidin may be re- 
presented thus 



Myrtillidin Oeiiidin 

Evpt 106 Pi^eparatum and 'iGcwtions of pelargonin Monde Exti’ciot the flower^ 
from two or three huge bosses of the Scarlet Geranium [PelaTgoimm sonale) in a 
flask with hot alcohol Filter off and concentrate on a water-bath Then pour the 
hot concentrated solution into about half its volume of strong hydrochloric acid On 
cooling, a crystalline precipitate of polargonm chloride separates out Examine under 
the microscope and note that it consists of sheaves and rosettes of needles Filter 
off the crystals, take up m water and make the following experiments with the 
solution 

(a) Add alkali A deep blue-violet colour i»s produced 

(5) Take two equal quantities of solution m two cvaptiratmg dishes To one add 
as quickly as possible some solid sodium chloride The colour in the solution without 
salt will rapidly fade owing to the formation of the oolouiless isomer in neutral 
solution this change is prevented to a considerable extent in the solution contaiiiing 
salt owing to the formation of an addition compound of the pela#gomn with the 
sodium chloride which prevents laorneiization (see p 98) To portions of the water 
solution (without sodium chloride) which has lost its colour add respectively acid 
and alkali The red colour returns with acid owing to the formation of the rod acid 
oxonium salt * with alkali a greenish-yellow colour will be produced due to the 
formation of the salt of the colourless isomer If alkali is added to the iiortion of the 
pigment solution containing the sodium chloride, it will bo found that it still gives 
a violet colour, 

(c) Add sulphuric acid and amyl alcohol The alcohol does not take up the 
colour Add amyl alcohol after acidifying another portion of the solution with 
sulphuric acid and heating on a watei-bath The alcoliol now abstracts some of the 
colour. This shows that the glucosido pelargonm exists in the first case, but is 
decomposed into the non-glucosidal pelargonidm after heating with acid 

id) Acidify with hydrochloric acid and add m\c dust, the colour disappoais and 
returns again aft^r^r filtering 

Esspt 107 Proparation of the acetic acid salt of pelargomn. Make an alcoholic 
extract of petals as m Expt 106. Evaporate down and pour into glacial acetic acid 
instead of hydrochloric acid The crystals of the salt formed are smaller and more 
liurplo in colour than those of the chloride, 

Ewpt 108 Prepay ation and reactions of cmde peonin chloride Extract the petals 
of one or two flowers of the Crimson Paoony {Paeonia oficinahs) with 95-98 
alcohol. Filter and evaporate nearly to dryness Then add some methyl alcohol and 
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pour into a little strong hydrochlonc acid Then add ether to the mixture in a 
separating funnel A crude precipitate of peonin chloride will separate out after a 
time, which may be more or less crystalline Filter off this precipitate, take up in 
water and make the following experiments 

(a) Take two equal quantities of the solution in two evaporating dishes To one 
add solid sodium chloride as in Expt 106 (b) Then neutralize both portions carefully 
with very dilute sodium carbonate solution until the colour changes slightly to 
purple The colour will fade more rapidly in the solution without sodium chloride 
on account of the formation of a colourless isomer, as in the case of pelargomn 
chloride. The water solution after standing will give a green colour with alkali owing 
to admixture wuth the yellow salt of the isomer 

(b) Add alkali A deep blue colour is produced A crude extract of the fresh 
petals made as in Expt 101 will give a green or bluisli-gieen colour with alkali owing 
to the presence of the accompanying fiavone. 

(c) Add amyl alcohol and sulphuric acid No colour is taken up by alcohol The 
pigment is jiresent as the glucoside peomn Boil another portion with sulphuric 
acid and add amyl alcohol The pigment is partly hydrolyzed and the poomdiu goes 
into solution in the alcohol 

(d) Reduce another portion with zmc dust and hydrochloric acid The colour 
returns after filtering 

In consideiing the anthocyan pigments, the question now arises — 
What is the chemical significance of the various shades in the living , 
plant 2 Apparently the same pigment may be present in two fiowers 
of totally different colours, as in the blue Cornflower and the magenfca 
Bosa galhca It has been suggested that in such cases the pigment is 
modified by other substances present in the cell-sap thus it may be 
present in one flower as a potassium salt, in another as an oxoinum salt 
of an organic acid, and m a third in the unaltered condition But exactly 
how these conditions are bi ought about is not clear. In one or two 
cases, moreover, where there is a red or pink variety of a blue or purple 
flower, the variety, when examined, has been found to contain a dilflu’ent 
pigment and one less highly oxidized than that in the species itself 
The above phenomena are exemplified in the Cornflower {Qentimrea 
Cyanus) The flowers of the blue type contain the potassium salt ofj 
cyanin, the purple variety, cyanin itself, while those of the pink variety j 
contain pelargomn 

The mode of origin of anthocyan pigments in the plant is as yet 
obscure It has been suggested (Wheldale, 29) that they have an 
intimate connexion with the flavone and flavonol pigments, which can 
be seen at once by comparing the structural formula of quoroctin with 
that suggested for cyamdm 
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OH 


OH H 


Quercetin 


Oyamdm 



All the anthocyan pigments so far isolated, however, have been 
found to contain the flavonol, and not the flavone, nucleus 

Just as in the case of the flavone and flavonol pigments, some of 
the anthocyan pigments are specific, while others, on the contrary, are 
common to various genera and species. Also more than one anthocyan 
pigment may be present in the same plant. 

It will be pointed out later that small amounts of a substance iden- 
tical with cyanidin are said to be formed by reduction of quercetin with 
nascent hydrogen, but this does not necessarily piove that the formation 
of anthocyan pigments in the plant takes place on the same lines. If 
we compare the formulae for a number of anthocyan with flavone and 
flavonol pigments, it is seen that they may be respectively arranged in 
a senes, each member of which differs from the next by the addition of 
an atom of oxygen 

Lutoolin, kaempferol and fisetin CibHioO,} Polargomdin OjsHioOfi 

Quercetin CiuHioO^ Cyanidin CibHioOb 

Myncotin CigHioOg Delphiiiidin C15H10O7 

Tlie relationship between these two classes of substances m the 
plant can only be ascertamed by discovering which flavone, flavonol and 
anthocyan pigments are present together, and then to determine whether 
the relationship is one of oxidation or reduction, a problem which has 
not yet received adequate aLtenlion (Everest, 6) 

A reaction which is of interest in connexion with the relationship 
between the above two classes of pigments is that which takes place 
when solutions of some flavone or flavonol pigments are treated with 
nascent hydrogen If an acid alcoholic solution of quercetin is treated 
with zinc dust, magnesium libbon or sodium amalgam, a brilliant magenta 
or crimson solution is produced, and this solution gives a green colour 
with alkalies (Combes, 5 ) The red substance thus produced has been 
termed “ artificial anthocyarnn or allocyamdm The product is not a 
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true anthocyan pigment but has, it is suggested, an open formation 
(Willstatter, 36): 

0 = 


It IS said, however, to contain small quantities of a substance iden- 
tical with natural cyanidm from the Coinflowci (Willstatter, 36), The 
fact that small quantities of a natural anthocyan pigment can be obtained 
artificially tiom a hydroxyflavonol by reduction does not necessarily imply 
that one class is derived from the other in the living plant 

From the above reaction of quercetin the result follows that when 
many plant extracts [most plants (see p 94) contain flavone or flavonol 
pigments] are treated wuth nascent hydrogen, artificial anthocyan pig- 
ment IS produced Moreover, it seems probable that if tlie yellow 
pigments acted upon are in the glucosidal state, and if the reduction 
takes place in the cold, allocyanm (the glucoside of allocyanidin) is 
formed and the product is not extracted fiom solution by amyl alcohol 
But if the flavone is non-glucosidal, or if the solution is boiled before or 
after reduction, then allocyanidin (non-glucosidal) is formed and is 
extracted by amyl alcohol 

Expt 109 Formation of allocyanidin from (jum cetm Make an alcoholic solution 
of a little of the glucoaide of quercetin jireparecl from either Narcisk>u8 t)r Cheiranthm 
(see Expts 98 and 100) Acidify with a little strong hydrochloric acid and heat on a 
water-bath Add a little zinc dust from time to time. A brilliant magenta colour 
due to allocyanidin is iDroduced To a little of this solution add some alkali : a green 
colour is produced If the alcohol and hydrochloric acid arc evaiioratod off, and a 
little water and sulphuric acid added, on shaking up with amyl alcohol, all the 
allocyanidin passes into the amyl alcohol (The distribution of the allocyanidin in 
the amyl alcohol is greater with aqueous sulphuric acid than with aqueous hydro- 
chloric acid ) 

Expt 110 Formation of allocyanm from qitercetin. Make a suspension of the 
glucoside of quercetin from Gliew anthus or Narcissus (see Expts 98 and 100) in about 2N 
sulphuric acid, and then add zinc dust (or a drop of mercury about the size of a pea 
and a little magnesium powder) m the cold The rod or magenta colour is gradually 
developed, Divide the coloured solution into two parts in two test-tubes. ]3oil one 
for 5~10 minutes Then add amyl alcohol to each In the unboiled test-tube the 
amyl alcohol extracts no colour, since allocyanm is present. In the boiled test-tube 
allocyanidin is taken up by the amyl alcohol as in Expt, 109 
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Eocpt 111 Formation of alloci/amn and allocijamdin from plant exti acts '^ov this, 
purpose the yellow vaiieties “Pi impose” or “Cloth of Gold” of the WalMower 
{Ghemmthus Cheiri) can be used The dowers are pounded in a mortal’, extracted 
with cold water, the water cxtiact acidified with sulphuric acid, and zinc dust (or 
mercury and magnesium powder as above) added A red coloiation is slowly 
developed To some of the red solution add amyl alcohol The colour is not 
abstracted (allocyanm) lloil another portion The allocyaiim is thus converted into 
allocyauidin which is thou tiken up on addition of amyl alcohol 


The Oxidizing Enzymes 

There is a certain group of enzymes of wliicli wo have most informa- 
tion in their connexion with aromatic substances. Those are the oxi- 
dizing enzymes 

The presence of such enzymes in plants was long ago associated with 
the following phenomena If the expiessed juices, or water extiacts of 
the tissues, of some plants are added to a solution of guaiacum gum, m 
the presence of air, a deep blue colour is obtained in a short time On 
the other hand, expi'essed juices, or water extracts, of other plants added 
to guaiacum solution produce no blue colour On addition, however, < )f 
a few drops of hydrogen peroxide, m the latter case, the blue colour 
rapidly develops. Plants are said to contain an oxidase when the extracts 
give the blue colour with guaiacum tincture alone, ‘ Those, of which the 
extracts only bring about blueing on addition of hydrogen peroxide, are 
said to contain a peroxidase (Chodat, 1) 

Fxpt 112 Demonstmtion of the presence of an oxMase Take a portion of a fresh 
Potato tuber and pound well in a mortar with a little water Eilter, and to the 
extract, nx a white eva|)oratnig dish, add a few drops of 1 ®/u guaiacum solution in 
alcoliol The guaiacum tinctuie will be found to give a blue colour at once witb the 
potato extract. 

A control tube should lie prepared by ^vell boiling some of the water extract of 
the tuber, cooling and then adding guaiacum. No coloux’ is produced, owing to the 
fact that the enzyme has been destroyed by boiling Other tissues which may be 
used to demonstrate the above reactions are : root of beet and fruits of apple, peai’ 
and plum 

Guaiacum gum is obtained fiom two West Indian s^iecios of Guaiacum trees, 
G officinale and G sanctum^ partly as a natural exudation and partly by moans of 
incisions, H gives a yellow solution with alcohol which coiiiains guaiacoino acid, 
and the latter, on oxidation, yields guaiacum blue As far as possible, inner portions 
of the rosin lumps should be used, as the resin oxidizes in air, and then may give 
unreliable results It is best to make the tincture freshly before use, and, as a 
precaution, to boil it on a water-bath with a little animal charcoal and filter 
Guaiacum gum tends to form peroxides on exposure to air, and these are removed by 
the above treatment. 
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Ex ft 113 Demonstration of the piesence of a peroosidase Kepeat the above 
experiment, using scales from an Onion bulb Add a few diO]3S of hydrogen peroxide 
solution Green pea tissue may also be used No blue coloui is jiroduced until after 
the addition of hydrogen peroxide 

If a systematic examination is made of genera from various natural 
orders with the guaiacum test, it will be found that the oxidase reaction 
is shown by all, or nearly all, genera of some orders, for instance most Urn- 
belliferae, Labiatae, Boragmaceae and many Cornpositae. In other ordeis, 

1 e Cruciferae and Crassulaceae, the peroxidase reaction is predominant 

Moreover, the oxidase-con taming genera show another phenomenon, 
as follows If the tissue extracts are left in air, they become dark- 
coloured, geneially brown or reddish-brown If the plants themselves 
are bruised or injured, they turn brown The same effect may bo pro- 
duced very rapidly by the action of chloroform vapour These phenomena, 
the darkening of extracts and the discoloration, both on injury and in 
chloroform, will be found to be absent from plants giving the peroxidase 
reaction only 

Expt 114 To show the distribution of oxidases and peroxidases in various plants, 
and the correlation between the presence of osndase and ho owning on wjurg o? in 
chloroform vapour Take a selection of the plants given below, and hi each case grind 
up a portion of the plant in a mortar with a little water and tilter. Divide the 
filtrate into two parts in small porcelain dishes Allow one pai’t to stand in an, and 
note the darkening in colour in cases where an oxidase is present. To the other add 
a few diops of guaiacum To extracts containing a i)eroxi(lase only, after 5-10 
minutes, add m addition a few drops of hydrogen peroxide Tiirtlier, small pieces 
of the plants to be tested should be placed in a corked flaslc containing a few ilrops 
of chloioform, and the develojiment of bro%\ning noted in tlio case of plants contain- 
ing an oxidase Foi demonstration of oxidases the following plants may be used . 
Chiistmas Rose {Hellehorus niger), Dandelion {Taraxacum ofjicinale), Forget-me-uot 
{Mgosotis), Hawthorn {Crataegus) and White Dead Nettle {Lamium album) For 
peroxidases Arahis, Auhrietia, Buttercup {Ranuncidas aens), Pea {IHsum sativum), 
Stock {Matthiola), Wallflower {Oheir anthus Gheiri) and Yiolot {Viola). 

Various hypotheses have been suggested iii explanation of the re- 
actions of oxidizing enzymes The one most generally accepted (Ohoclat, 
1) IS that the oxidase consists of two components, a peroxide and a 
peroxidase. The peroxide may bo either hydrogen peroxide or some 
organic peroxide The peroxidase acts upon the peroxide, depriving it 
of an atom of oxygen which is transferred, in an active condition, to 
some substance (acceptor) which becomes oxidized Guaiacum is the 
acceptor in the above experiments The reaction may be approximately 
expressed thus 

2A0 + 02 = 2 A 02 (peroxide). 

A O2 + peroxidase == AO -}- O 
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The above concepiion would lepresent a system which is capable of 
absorbing molecular oxygen and of transfoiming it into active oxygen. 
In this way substances can be oxidized which would not be affected 
by molecular oxygon to any extent 

Accoidmgly, on tlie basis of the above hypothesis, it is assumed that 
an organic compound which can act as a peroxide is picsent in the 
expressed plant j uices or extracts which give the oxidase i eaction When 
this 01 game peroxide is absent, hydiogen peroxide must bo added to 
complete the oxidase system 

The above definition of oxidases and peroxidases is based upon then 
behaviour towards guaiacuin. There are, however, a number of othei 
oxidizable substances, such as a-naphthol, benzidine, p-phenylenediamme, 
pyrogallol, etc 



OH NHa 


a-Najilithol Benzidine p-Phenylonediannne 

which are only oxidized by oxidases with the assistance of hydrogen 
peroxide, the oxidase system being insufficient, they aie also of course 
oxidized by the hydrogon-peroxide-peroxidase sj^-stein Such substances 
(in the presence of hydrogen peroxide) are used as tests for oxidizing 
enzymes, 

Bxft 115 AdditumoL for oxidizing enzymes To a few c.c. of an extract of 
Potato tuber (Expt, 1 12) in a small evaporating di«b, add a few drops of the following 
reagents, and suhsequently a few drops of hydrogeii peroxide 

(a) A 1 ^/o solution of a-naphthol in 50 alcohol, A lilac colour is developed. 

(?;) A 1 solution of benzidine in 50 alcoliol A blue colour is developed 
(e) A 1 ‘Vo solution of p-phonylcncdi amino hydrochloride m water A greenish 
colour IS developed 

The peroxidases, like other enzymes, can be extracted either with 
water or dilute alcohol and precipitated from solution by strong alcohol 

Expt 116. Preparation of poroxid cm from Ilorse-mdkh (Coclilearia) roozfs Mince 
up the Horse-radish roots m a mincing machine The product is allowed to stand for 
24 hrs. to enable the glucoside, iiotaaaium nayronate, to be hydrolyzed by the enzyme, 
myrosin Then extract with 80% alcohol The alcohol is decanted off, and the 
residue pressed fieo from alcohol in a press, The residue is next extracted with 40 % 
alcohol for 48 hrs , filtered and precipitated with 90 % alcohol The precipitate, 
which contains the peroxidase, is filtered off Dissolve up in water and make the 
test for peroxidases (Exx)t 113), 
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The oxidation of pyrogallol, in the presence of a peroxidase and 
hydrogen peroxide, has been used as a method for estimating the activity 
of these enzymes. Solutions of known strength of pyrogallol and hydio- 
gen peroxide are used, and to the mixture a solution of a known weight 
of prepared peioxidase is added An oxidation product, termed purpuro- 
gallin, IS foirned After a definite time, the leaction is stopped by 
adding acid, and the purpurogallin extracted by other The ether 
extract is colorimetrically compared with an extract containing a known 
amount of purpurogallin (Willstatter and Stoll, 47). 

Ecsjpt 117 Outline of method for estimating 'pe'i oxidase hy formation of purpui o- 
gallin Make a solution of 0 5 gm of iiyrogallol in 200 c c of distilled water, and 
add to it 1 c c of 5 ®/o hydrogen peroxide Then add about 5 c c of a solution of 
Horse-radish peroxidase from Expt 116 After 5 minutes add to half the mixturo 
2.5 c c of dilute sulphuric acid and extract the j^urpurogallin with other iii a 
sepal ating funnel The purpui ogallin will he extracted by the ether, giving a yellow 
solution Allow the other half of the mixture to stand The colour will deepen, and 
a reddish deposit of jjurpurogallin will be preciioitated Examine a little of the 
deposit under the microscope It will he found to consist of sheaves of crystals 

A solution of peroxidase from Alyssum leaves [Expt 119 (b)] can also bo used 

It has recently been shown (Wheldale Onslow, II) that the per- 
oxidase element (Expt. 118) of certain oxidases (fruit of Pear, tuber of 
Potato) can directly oxidize the phenol catechol (sec p. 88), as well 
as other substances containing the catechol grouping, that is two 
hydroxyl groups in the ortho position, e g. protocatechuic acid and caffeic 
acid 

COOH CH:=CH-COOH 



OH OH OH 

Catechol Protocatechuic acid Oafibic acid 


A brown colour is produced, giving rise to some oxidation product 
which will then act as a peroxide, the peroxidase being present, to form 
the system (oxidase) which will blue guaiacuin. 

It appears probable that the above phenomenon, as illustrated in 
the Pear and Potato, affords an explanation of the reaction of the oxidiz- 
ing enzymes of all plants which give the oxidase reaction and turn brown 
on injury. For such plants usually contain an aromatic substance 
with the catechol grouping. On the death of the coll (which may be 
brought about, either by injury, or treatment with chloroform vapour, 
1 e on autolysis, see p. 19) this aiomatic substance is oxidized by the 
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peroxidase with the formation of a brown colour (browning on injury) 
and an oxidation product which then acts as an organic peroxide (as 
postulated above) m the oxidase system 

Farther, the peroxidases, of plants which give the oxidase reaction 
and brown on injury, appeal to bo specific in their action on the 
catechol grouping and will not oxidize other phenolic groupings, i e 
those of resorcinol, hydroquinone, pyrogallol, etc 

In plants (eg Alyssim) which only give the peroxidase leaction and 
do not brown on injury, the above-mentioned aromatic compounds are 
not present, nor do the peroxidases of such plants act on catechol 

It should, however, bo borne m mind that in some plants the com- 
ponents of the oxidase system may bo present, but the reaction is masked 
by the presence of an excess of tannin, sugars, etc 

Hence it appears that the oxidase reaction of plants (as detected by 
guaiacum) is the outcome of post-mortem changes after the death of 
the cell. It IS possible, however, that the processes giving rise to it 
may take place to some extent, though under control, m the living cell. 

It has also been shown that in the Pear friiib and Potato tuber 
(Wheldale Onslow, 13) it is possible by chemical methods to separate 
the elements which go to make up the oxidase system, i e the peroxidase 
and the aromatic substance If the tissues arc ground up rapidly with 
alcohol, and filtered befoic oxidation can take place, and the process 
repeated, the aromatic substance, which is soluble in alcohol, is washed 
away, and a water extract of the residue gives only a peroxidase reaction. 
From the alcoholic extract the aromatic substance can be precipitated 
as a lead salt, the lead then removed as insoluble lead sulphate, and the 
aromatic set fiee again in solution. If the peroxidase is then added to 
the solution of the aromatic, the brown colour appears together with the 
formation of the oxidation product (peroxide), and the mixture will give 
the blue reaction of an oxidase with guaiacum, 

Expt 118 liesolution of tho. components of the oMdase in the Fotato tuher (A) 
Reparation of perosGidase Cut a fow tluu slices from a peeled potato and put them 
ni a mortar which contains suHieioni 96 % alcohol to prevent, as far as iiossible, 
exposure to tho air, and pound them thoroughly Filter quickly on a filter-pump, 
and repeat tho process several times until a colourlosKS powder, consisting of cell- 
residues, starch, etc. is obtained Tho enKsymos (including the peroxidase) of the colls 
are precipitated by the alcohol and remain in tho cell-residue Make a water extract 
of the white powder and filter To a portion of tho filtrate add a fow drops of 
guaiacum tincture , no blue colour is given Add further a few drops of dilute 
hydrogen peroxide . a blue colour appears (B) Separation of the aromatic substance. 
Take about 500 gms of freshly peeled potato tuber, out it into thin slices and drop 
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them as rapidly as possible into a flask containing 250 c c of boiling 96 alcohol 
on a watei-bath Continue boiling for 15 mins , and then filter Evaporate oft’ the 
alcohol from the filtrate, take up the residue in a little water, waim and filter To 
the filtrate add concentrated lead acetate solution until a precipitate ceases to be 
formed Filtei ofi: the precipitate, which is pale yellow in colour, stir up in a little 
water and add 10 % sulphuric acid drop by drop until the yellow colour is destroyed, 
and the lead is coiweited into lead sulphate Filter ofif the load sulphate the filtrate 
contains the aromatic substance in solution Neutralize the solution carolully with 
1 caustic soda and make the following tests with separate portions in small 
evaporating dishes 

(a) Add a drop of ferric chloride solution a deep green colour appears xlcld 
further a few drops of 1 % sodium carbonate solution The green colour changes to 
a bluish- and finally, a reddish-pmple This reaction is characteristic of aromatic 
compounds containing the catechol gioupiiig, le two hydroxyl gioups in the 
ortho position (see p 110) 

(&) Add a little of the peroxidase solution prepared in (A) The mixture will 
gradually turn brown owing to tbc oxidation of the aromatic by the peroxidase 

(c) To (h) add a few drops of guaiacum tincture A blue coloui is given owing to 
the presence of the peroxide formed in (6), the oxidase system being now comjiletc 

Expt 119 Action of oxidases on catechol, {a) The peroxidase of the Potato 
tuhe'} (o? Pear fnuit) Make a 1% solution of catechol in distilled water To some 
of this solution, in a small evaporating dish, add a little of the peroxidase solution 
from Exx^t 118 (A) Note that the catechol solution gradually turns brown Add 
further a few drops of guaiacum tincture A blue colour appeal's (5) Pe? oxidase of 
Alyssum leaves Pound up 2-3 A lyssum leaves m a mortar witli some 96 7o ^^Icohol, 
and filter on a filter-pump Repeat the process until the residue is x>i'^U'tically 
colourless Extract the residue with a little distilled water and filter Proceed as in 
(ck) No browning of catechol takes place and no blue coloui is formed on the 
subsequent addition of guaiacum 

For section {a) the following material may also be used fruits of Apxilo and 
Greengage, flowers of Horse Chestnut {Aesciilus) and leaves of Pear, the method of 
preparation an (6) being employed For section (b) flowers of white Arahis may also 
be used. 

If in the preparation of the peroxidase from the Potato tuber, the 
tissue IS allowed to brown before extracting with alcohol, the coll-roHiduc 
IS tinged with brown and, on extraction with water, the hltraLc will give 
an oxidase reaction with guaiacum. This is to bo explained by the fact 
that the peroxide has been adsorbed by the tissue residue. This pheno- 
menon is probably the explanation of the preparation of some oxidases 
called “ laecases ’’ Such enzymes have been obtained by the precipita- 
tion with strong alcohol of the expressed juices (containing peroxide 
since they were obtained by crushing the tissues) of plants which brown 
on injury The enzyme and other organic matter is precipitated and 
carries with it the peroxide. 
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The browning of plants on injury, as already mentioned, is very 
wide-spiead* more rarely, the same type of reaction may lead to the 
formation of variously coloured products, other aromatic substances in 
addition to the peroxide being in all probability involved The following 
examples may be quoted. In some of the Higher Fungi, Boletus lundus 
and B cyanescens, when the pileus is broken across or injured, the tissue 
rapidly turns a deep Prussian blue on exposure to the air Also in the 
Fungus, Russula mgricans, the coloui changes from pink or reddish to 
black The latex of the tiee, Rhus vernioifera, when exposed to air, 
turns black and constitutes the product, Japanese lacquer 

Analogous pigments formed after death have been observed in 
ScheneJeia blumenaviana (Rubiaceae) where the whole plant turns bright 
red in chloroform vapour, as well as in species of Jacohnia and Aloe 
Blue pigments are also formed after death in the Teasel {Dipsaous), in 
the flowers of an Orchid {Phajus), in the Dog’s Mercury [MerGm''%ahs 
perennis), annual Mercury {M, annuti) and m the well-known indigo - 
producing plants, the Woad {Isat%s tiuctoria) and the Indigo {Indigofera) 
(Walther, 28) (see p 152) It has not been shown, however, that oxidizing 
enzymes are present in all the above cases 

There is a well-known oxidizing enzyme, tyrosinase, which is some- 
what specific in its action in that it will only oxidize tyrosine and a few 
other substances, such as p-cresol II occurs in the tubers of the Dahlia 
{Dahlia vanaUhs) and Potato [Solanum tiiberosum)^ in grams of barley 
(Hordewn) and wheat {Triiicum) and in Papaver oi'ientale In the lower 
plants it IS found among the Basidiomycctos. 

When tyrosinase acts upon tyrosine, a yellowish-pink colour is first 
produced which rapidly darkens to red, brown and finally black A 
solution of jp-cresol 

CHa 

A 

\J 

OH 

can be used as a delicate lest for the enzyme. If the enzyme is present, 
a yellowish- or orange-red colour is formed. 

Tjurosinase of the Potato tuber can be precipitated from a water 
extract with absolute alcohol : or if the potato tissue is extracted with 
cold 96 “/o alcohol, the enzyme is precipitated and remains in the 

8 


0 
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tissue residue, as does the peroxidase [Expt 118 (A)], but the tyrosine is 
almost entirely washed away 

Ex-pt 120 Bemomtration of the presence of tyrosinase in the Potato Take aLout 
half a potato and proceed as in the preparation ol peroxidase [see Expt 1 18 (A)] 
Roughly dry the powder left on the filter and then add about 100 c c of water and 
allow to stand for 15 mins Filter, and divide the filtrate into six jiortions a, 5, e, d, 
e and / Make a suspension of a little tyrosine in water (tyrosine is only slightly 
soluble in cold water) 

To a add 5 c c of tyrosine suspension 

To h add 5 c c of tyrosine suspension and a few drops of hydrogen peroxide 
To c add 5 c c of tyrosine suspension and boil 
To d add a few drops of hydrogen peroxide only. 

To e add some p-cresol 
To f nothing is added 

Plug all the tubes with cotton -wool, put in an incubator at 38“ 0 for 2-3 hrs. 
Note that tubes a and h fairly rapidly turn rod, then brown and finally black 
Tubes d and / may darken a little owing to the action of tyrosinase and peroxidase 
on the traces of plant aiomaties left in the tissue Tube c remains unaltered Tube 
e gives an orange-red colour 

Another point which may be touched upon is the significance of the 
oxidizing enzymes in plant metabolism The facts as they present 
themselves may be stated thus On death or injury wo discover a 
system (oxidase) in some plants which can oxidize certain acceptors, 
either artificially introduced, such as guaiacum, or other aromatic sub- 
stances present in the plant itself. 

The question is whether the oxidase system as described above 
functions in metabolism for the purpose of oxidation and respiration m 
the living plant. If it does, there are various suggestions as to how iL 
may act For instance, it is possible that aromatic substances are oxi- 
dized to pigments by the oxidase system, and the pigment is then 
deoxidized by products of anaerobic respiration, hence constituting a 
mechanism for this function Such pigments have been termed respi- 
ration pigments'’ (Palladin, 12-16), It is suggested that they are not 
present in any quantity in the living plant and fchcir production is 
controlled by oxidizing and reducing systems : 

autoxidizable substance + molecular oxygen = peroxide 

peroxide -f- peroxidase = active oxygen 

aromatic substance (acceptor or chromogen) 4- active oxygon = 
pigment 

pigment 4- reducing substance == chromogen. 

The above hypothesis is only applicable to plants containing oxi- 



VII] OXIDIZING ENZYMES 115 

dases, so that some modification -would be necessary to fit the case of 
plants containing peroxidases only 

It should be mentioned that the aromatic substances which become 
oxidized are frequently present m the plant as glucosides, that is, some 
of the hydroxyl groups are replaced by sugar Indoxyl, the precursor of 
mdigo, forms a good example, as it is present in the plant as a colourless 
glucoside, indican (see p. 152). It is probably only after the hydrolysis 
of the glucosides that the aromatic substances can become oxidized. 
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CHAPTEE VIII 


THE PEOTEmS AND PEOTEASES 

No class of compounds is of more fundamental significance than the 
proteins The matrix of protoplasm largely consists of proteins m the 
colloidal state, and, without doubt, they occur to some extent in the 
same condition in the cell-sap. They are also found m the cell in the 
solid state, in the form of either amorphous granules, tenned alourono, 
or crystalline or semi-crystalline bodies, termed crystalloids. Both solid 
forms constitute '^reserve material” and are often found in seeds, tubers, 
bulbs, buds and roots. 

Plant proteins may be classified on the following plan . 

1 The simple proteins. 

{a) Albumins. 

(6) Globulins 

(c) Prolamms (Gliadms). 

(d) Glutelins 

2 Conjugated proteins 

( a) N ucleoproteins 

3. Derived proteins 

(a) Metaproteins 

(b) Proteoses (Albumoses) 

(c) Peptones 

(cZ) Polypeptides 

Although they are present in every cell m all parts of plants, little, 
however, is known of plant proteins, except of those in seeds, because 
of the difficulties of obtaining them in sufficiently large cjuanbitics, and 
of separating them from each other 

Proteins are in the colloidal state when in so-called solution, and arc 
unable to diffuse through parchment membranes The proteoses and 
peptones, however, which have simpler molecules, can diffuse through 
such membranes 

The vegetable proteins are soluble in various solvents according to 
the nature of the protein ; some are soluble in water, others m dilute 
salt solutions, others, again, in dilute alkalies, and a few in dilute 
alcohol. Vegetable albumins are coagulated from solution on boiling. 
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but most of the globulins, unlike the corresponding animal products, 
are only imperfectly coagulated on heating and some not at all The 
precipitate formed when coagulation is complete will not go into solution 
again either in water, acid, alkali or salts Alcohol precipitates the 
proteins , in the case of animal proteins, the precipitate becomes coagu- 
lated and insoluble if allowed to remain in contact with the alcohol, but 
this does not appear to be so with plant proteins 

In addition, certain neutral salts, the chlorides and sulphates of 
sodium, magnesium and ammonium, have the property of piecipitatmg 
proteins (except peptones) from solution when added m sufficient quan- 
tity. The protein is quite unchanged in precipitation and can be made 
to go into solution again The various proteins are precipitated by 
different concentrations of those salt solutions (see p 124) 

The salts of calcium and barium and the heavy metals produce 
insoluble precipitates with the proteins, and in this case the reaction is 
irreversible 

In regard to chemical composition, the proteins contain the elements 
carbon, hydrogen, nitrogen, oxygen and sulphur. There is every leason 
to believe that fche piotein molecule is constituted of amino-acids con- 
densed, with elimination of water, on the plan which may be depicted 
as follows 

Rl Rh Rlil 

I 1 , . 1 

NHji— CH—CO OH H‘NH~CH-"C0 0H H NH^CH— COfOH H'NH— •. 

R-B 

... 1 

— COjOH HiNH— CH— COOH 

Conversely, when the proteins are acted upon by hydrolyzing en- 
zymes, a senes of hydrolytic products aie formed which have smaller 
molecules than the original proteins. They may be enumerated as 

1 Albumoses 

2 Peptones 

3 Ammo-acids 

In the same way when proteins are boiled with acids, a number of 
the ammo-acids are obtained as au end-product 

The above amino-acids may bo either aliphatic of aromatic, and they 
are characterized by having one or more hydrogen atoms, other than 
those m the carboxyl groups, replaced by the group — NHg. Thus they 
are acids by virtue of the carboxyl groups, and bases by virtue of the 
— NH 2 groups towards strong acids they act as bases, and towards 
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strong bases as acids The amino-acid, alanine, for instance, forms salts, 
sodmm amino-propionate with a base, and alanine hydrochloride with 
an acid * 

CH«— CH— COONa CHa— CH— COOH 

I I 

NH2 NHo HCI 

Substances behaving in this way have been termed “amphoteric'' 
electrolytes (see also p 16) 

In the protems, which aie formed by condensation, as explained above, 
there are always some NHg and COOH groups left uncombined Hence 
a protein must, in the same way, have the properties of both an acid 
and a base 

The amino-acids which are obtamed by the hydrolysis of plant pro- 
teins may be classified as follows 


Aliphatic compounds 
Mono-carboxylic mono-ammo acids 
Glycine 01 a-amino-aeetxc acid 

CH2(NH2)’C00H 
Alanine 01 a-ammo-propiomc acid 

CHg CH(NH2) COOH 
Valine or a-amino-iso- valeric acid 
CHg 

Nch CH(NH2) COOH 
CH3/ 

Leuoine or a-ammo-iao-caproio acid 
OH,. 

\CH-CH2 CH(NH2) COOH 
CHg'' 

Iso-leucme or a-ammo-j 3 -metliyl-^-etliyl-propiomo iicid 

CHg 

\cH CH(NH2)'C00H 

CgHg 

Serine or a-amino-^-hydroxy-propionic acid 

CHgOH CH(NH2)*COOH 
Dicarboxylic mono-ammo acids 

Aspartic acid or a-amino-siiccmic acid 

COOH CHg CH(NH2) COOH 
Glutaminic acid or a-ammo-glutaric acid 

COOH CHg CHs CH(NH2)-C00H 
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Mono-carboxylic di»amuio acids 

Arginine or d-guanidme-a-ammo-valeric acid 
NHg 
/ 

HN=C--NH CH 2 CH 2 CHa CH(NH2) COOH 
Lysine or a-e-di-amino-capioic acid 

CH2(NH2) CHa CH2-CH2‘CH(NH2)‘C00H 

Dicarboxylic di-ammo acid 

Cystine (dioysteine) or di-/3-thio-a-aniino-propionic acid 
CH 2 — S — S — CH 2 

I , s I 

CH(NH 2 ) CH(NH 2 ) 

COOH ' COOH 


AroinatiG oompounds. 
Mono-oarboxylxc mono-ammo acids 

Plienyl-alanine 01 /3-phenyl-a-amino-propiomc acid 
CoHfi CHa CH(NH 2 ) COOH 
Tyrosine or jp-hydroxy-idienyl-alamne 

OH C 0 H 4 CHa CH(NH 2 ) COOH 


Heterocyclic compoiiTids, 
Proline or a-pyrrolidine-carboxylic acid 
t CHa- 


CHo 


-CHg 

I 

OH COOH 




Histidine or /S-iminazolo-alamno 

CH 


NH N 

I I 

CH=C— CH 3 CH(NH2)-C00H 


Tryptophane or ^-mdole-alniiine CsHoN • CHa ■ CH(NH 2 ) • COOH 
^C*CH 2 -CH(NH 2 ) ’COOH 


V^nh/' 


Different proteins are formed by various combinations of the above 
acids and hence give different amounts on hydrolysis. 

There are certain properti^es and chemical reactions by means of 
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winch proteins can be detected These are illustrated in the following 
experiment 

Expt 121 Tests jor proteins Weigh out about 10 gms of thied peas 
grind them in a coffee-mill and then add 100 c c of water to the ground mass 
Allow the mixture to stand for an houi Filter, and make the following tests with 
the filtrate (see p 133) 

(a) The mnthopi oteio i eaction To a few c c of the piotein solution in a test-tube 
add about one-third of its volume of strong nitric acid A white precipitate ‘is 
formed (except in the case of proteoses, peptones, etc ) On boiling, the precipitate 
turns yellow, and may partly dissolve to give a yellow solution Cool under the tap, 
and add strong anamonia till the reaction is alkaline The yellow coloui becomes 
orange The precipitate is due to the fact that metaprotein (see p 127) is lormed 
by the action of acid on albumins or globulins, and this rnctaprotem is insoluble in 
strong acids The yellow colour is the result of the formation of a nitro-compound 
of some aromatic comjionent of the i^rotem, such as tyrotoine, tryptophane ami 
phenylalanine 

(b) Millon}s reaction To a few c c of the protein solution advi about half its 
volume of Millon’s leagent^ A white precipitate m formed On warming, the i)rcci- 
pitate turns buck-red, or disappears and gives a red solution The Avhite xirecipitate is 
due to the action of the mercuric nitrate on the pioteins The reaction is character- 
istic of all aromatic substances which contain a hydroxyl groux) attached to the 
benzene ring The aromatic complex in the x^rotem to which the reaction is due is 
tyrosine 

(c) The glyoxyliG reaction {Boplins and Cole) To about 2 c c of xn’otoiu solution 
add an equal amount of “reduced oxalic acid”^ INlix the solutions, and then add an 
equal volume of concentrated sulphuric acid, x^ouring it down the side of the tube 
A x)urple ring forms at the junction of i!ho two liquids If the liquids are mixed by 
shaking the tube gently, the purxile colour will spread throughout the solution. The 
substance m the protein molecule to which the reaction is duo is tryptophane If 
carbohydrates are present in the liquid to be tested, the colour is not good, owing to 
blackening produced by the charring with the strong sulxihuric acid. 

(d) The biuret reaction To a few o e of the protein solution add an excess of 
sodium hydrate and a drop of a 1 solution of copper sulphate A violet or pmk 
colour IS produced The reaction is given by nearly all substances contaimng two 
CONH groux:)s attached to one another, to the same nitrogen atom, or to the same 
carbon atom The cause of the reaction with proteins is the iirosouoo of one or moi’c 

1 This reagent is made by dissolving 30 c.c of mercury in 570 o o of concentiatod 
nitric acid and then adding twice its bulk of water It contains meroiiious and moi curie 
nitrates, together with excess of nitric acid and a little nitrous acid. 

3 Beduced oxalic acid is prepaied as follows (a) Treat 600 o c of a saturated solution 
of oxalic acid with 40 gms of 2% sodium amalgam When hydrogen ceases to be 
evolved, the solution is filtered and diluted with twice its volume of distilled water. The 
solution contains oxalic acid, sodium bmoxalate and glyoxylic acid (OOOH^OHO). 
(b) Put 10 gms of powdered magnesium into a flask and just cover with distilled water. 
Add slowly 250 c c of saturated oxalic acid, cooling under the tap Filter off the insoluble 
magnesium oxalate, acidify with acetic acid and dilute to a litre with distilled water 
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groupings formed by the condensation of the carboxylic group of an amino-acid witli 
the ammo group of another amino-acid (see p. 119) 

(e) The sidphm reaction Boil a few c c of the protein solution with some 40 % 
sodium hydrate for two minutes, and then add a drop or two of load acetate The 
solution turns black This reaction is due to the formation of sodium sulphide by 
the action of the strong alkali on tlic sulphur of the protein On addition of the lead 
salt, a black precipitate of lead sulphide is formed The sulphur in the protein 
molecule is mainly present as cystine 

For the following reactions, a piotcin solution free fiom other impurities is 
required For this purpose take 40 gms of ground peas, add to the meal about 
200 c c 10 7o sodium chloride solution, and allow the mixture to stand, with occa- 
sional stirring, for 3-12 his (see p. 134) Then hlter off the extract, first through 
muslin, and, subsequently, through filter-paper Put the extract to dialyze foi 
24 hrs in a collodion dialyzer^ until the protein is well preci]jitated (Toluol 
should be added to the liquid in the dialyzer ) Then filter off the jiiotein. Keservo 
half, and dissolve the other half m about 90 c c of 5 7o sodium nitrate solution 
With this solution (after i‘osorving a portion for Fxpt 3 23) make the following tests 
(/) P 7 ecvpitation hy alcohol To a few c c in a test-tube, add excess of absolute 
alcohol The protein is precipitated 

(g) Precipitation hy the heavy meUtU, Measure out a few c.c of the protein 
solution into tliiee test-tubes, and add respectively a little (1) copper sulphate 
solution, (2) lead acetate solution, (3) mercuric chloride solution the protein is 
precipitated in each case 

The following test cannot bo domoastiated on the Pea protein, since carbo- 
hydrates are absent in this case It can, howevei^, be demonstrated in later 
experiments (see p 130) 

(A) 3{ol%&Gh\^ reaction To a few c c of the protein solution add a few drops of a 
1 7 <) solution of a-naphthol ni alcohol. Mix, and then run in an equal volume of 
strong sulphuric acid down the side of the tube A violet ring is formed at the 
junction of the two liquids The reaction signifies the existence in ike proLein of a 
carbohydrate group which gives rise, on treatment with acid, to furfural The latter 
then condenses with a-naphthol to give a purple colour (see also Expts 38, 44, 4G) 
(?') Precipitation hy salts of alkaline earth metals To a few^- e c of the protein 
solution add a little barium chloride solution A precipitate is formed on standing 
(y) Precipitation hy neutral salts Saturate a few oc of the iirotem solution 
with finely powdered ammonium sulphate. The protein is precipitated or “ salted out ” 
Since from a neutral salt solution the pea globulin is precipitated by acid 
(see p 125), the tests (ky(m) should be earned oui, with a solution of the protein in 
dilute acid. Dissolve, therefore, the remain dor of the solid pea globulin m about 
40 c c of 10 “/q acetic acid, filter, and make the following tests : 

(k) Precipitation hy tannic anrl» Add a little tannic acid solution 1 the protein is 
precipitated 

^ The collodion solution is made by adding 75 c 0 . of ether to 3 gms of well-dried 
pyroxylin, allowing it to stand for 10-15 minutes and then adding 25 c c of absolute 
alcohol The dialyzers are prepared by coating the inside of a large test-tuhe with the 
solution and then filling with water, after the film is sufficiently dried so as not to be 
wrinkled by touching with the finger. The sac can then be withdrawn from the tube 
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(Z) Precipitation hy EshacNs solution^ Add a little Esbacli’s solution the pro- 
tein IS precipitated 

(m) Precipitation hy phospliotungstic acid Add a little 2 o/o solution of phos- 
photungstic acid in 5 o/o sulphuric acid the protein is precipitated 

The substances used in the tests {h)-{m) are termed “ alkaloidal re- 
agents'’ because they also cause precipitation of alkaloids (see Chap x). 

We are now in a position to deal with the different groups of pro- 
teins ih detail 

Albumins. Very few vegetable albumins have been investigated. 
They can be best defined as proteins which are soluble %n water and are 
coagulated by heat Animal albumins are distinguished by the fact 
that they are not precipitated by saturating their neutral solutions with 
sodium chloride or magnesium sulphate , nor are they precipitated by 
half-saturation with ammonium sulphate This distinction cannot be 
applied to vegetable proteins, since some are precipitated by the above 
treatment It is often not easy to determine whether a plant protein is 
an albumin, on account of the difficulty of removing traces of salts acids 
or bases which cause solubility, and also of separating the albumins from 
the globulins with which they occur Albumins are however probably 
widely distributed in plant tissues. 

The best-known albumins are : 

Leucosm, which occurs m the seeds of Wheat {Tritioum vulgare), 
Rye {Secale cereale) and Barley (Hordeum vulgare) 

Legumehn, which occurs in seeds of the Pea {Piswn sativum), Broad 
Bean {Vveia Faha\ Vetch {V%cia saUva), Lentil {Ervum Lens) and some 
other Leguminous seeds 

Phaselin, which occurs in the Kidney-bean (Phaseolus vulgaris). 

Ricin, which occurs in the Castor-oil Bean {Rioioius communis). 

Expt 122 Demonstration of the 'presence of an albumin (Leucosin) in wheat or 
barley flour (see also Expts 128 and 130) Weigh out 10 gms. of wheat or barley iElour, 
add 100 c c of distilled water and allow to stand, with occaBional stirring, for 
2-6 hrs. Then filter off the solution Slowly heat the solution to boiling, and note 
that a precipitate of coagulated protein is formed 

Globulins. These may be defined as the proteins which are in- 
soluble in water but soluble ip. dilute salt solutions, the concentration of 
the salt solution necessary for complete solution (see p. 125) varying 
with the salt or protein under consideration. It should be noted that, 
in niakmg ^yaiJer-extracts of plant tissues, it may happen that globulins 

1 Esbaoh’s solution is prepared by dissolving 10 gms. of picric acid and 10 gms. of citric 
acid in water and making the solution up to a litre 
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pass into solution to some extent owing to the presence of inorganic 
salts in the tissues themselves This has also already been illustrated 
in Expt 121 in which an extract of the globulin of the Pea was obtained 
by treating ground Pea seeds with distilled water only 

It is characteristic of animal globulins that they are precipitated by 
saturation of then solutions with magnesium sulphate Many of the 
vegetable globulins cannot bo precipitated by the above means, though 
they are all, as far as tested, precipitated by sodium sulphate at 33° C 
Many also (like animal globulins) are precipitated by half-saturation 
with ammonium sulphate, though others are not precipitated until their 
solutions are nearly saturated with this salt [see Expt. 121 (ji)] 

Unlike animal globulins, vegetable globulins are, as a rule, only 
imperfecLly coagulated by heat, even on boiling. 

Ex^t 123 Demooistration of the coagidatio)h of glolmlvti Heat a few c c of the 
solution of dialyzed Pea globulin (from Expt 121) in a tost>fcube Note that the 
protein is largely precipitated, but the solution does not become quite clear 

One very important characierisfcic of the vegetable globulins is the 
ease with which a number of them can be obtained in crystalline form 
This result may be achieved by dialyzing a salt solution of the globulin. 
The salt passes out through the membrane, and the protein is deposited 
in the form of crystals An alternative method is to dilute the saline 
solution of globulin with water at 60-80° 0 until a slight turbidity 
appears Then warm further until this goes into solution, and cool 
gradually, when the protein will separate in crystals. The globulin, 
edestin, from seeds of the Hemp (Gamxohis saUva) crystallizes very 
readily (see Expt. 133) and crystals can also be obtained of the globulins 
from the seeds of the Brazil nut (BerthoUetia ecooelsa) (see Expt 136), 
the Flax or Lmseod {Linxm usitatissimmn) (sec Expt, 135), the Oat 
{Avena satim) and the Oastor-oil plant {llicinus communis) (see Expt, 
134) , other globulins separate out on dialysis as spheroids, sometimes 
mixed with crystals 

The solubilities of plant globulins are further complicated by the 
fact that some of these substances form acid salts which have different 
solubilities from the proteins themselves. Thus edestin is insoluble in 
water, but soluble in either dilute salt solution or acid. In the presence 
of acid it forms salts which are insoluble in dilute salt solutions Thus 
edestin in dilute acid solution is precipitated by a trace of salt, or in 
dilute salt solution by a trace of acid (see Expt 124) Legumin, on the 
other hand, from tho Pea and other Legummosae is soluble in water in 
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the free state combined with a small amount of acid as a salt, it is 
insoluble in water but soluble in neutral salt solution, that is, it has the 
solubilities of a globulin (see p 184) 

Eocpt 124 The formation of salts hy edestin Grind up 5 gms of seeds of the 
Hemp {Cannabis sativa) in a cofifee-milL Extract with 50 c c of warm (not above 
60° 0 ) 10% sodium chloride solution and filter Add a drop of strong hydioclilone 
acid to the filtrate Edestin chloride, which is insoluble in salt solutions, is precipi- 
tated Filter and diain off all the liquid, and then suspend the precipitate in 
distilled watei Add 1 or 2 drops of hydrochloric acid carefully and stir till most or 
all of the precipitate goes into solution Filter, and to the filtrate add a few drops 
of saturated sodium chloiide solution The edestin acid salt is again precipitated 

The following is a list of the principal known globulins (Osborne, 2) 


Legumin, m seeds of 

Vignin, in seeds of 

Glycinm, in seeds of 

Phaseolin (crystalline), in seeds of 

Oonglutm, in seeds of 

Vicilin, in seeds of 

Corylin, in seeds of , . , . 

Amandin, in seeds of . 

Juglansin, in seeds of 

Excelsin (crystalline), in seeds of 

Edestm, in seeds of 

Avenalin, in seeds of 

Oastaoin, in seeds of 

Maysin, in seeds of . . . 

Tuberin, in tubers of 


^Pea {P%su7n sativum) 

Broad Bean ( Vioia Faba), 

I Vetch ( Vicia sativa). 

VLentil (Ervum Lens). 

Cow Pea (Vigna sinensis). 

Soy Bean (Glycine hispida) 

{ Kidney Bean (Phaseoliis vulgaris). 
Adzuki Bean (P. radiatus). 

Lima Bean (P lunatus). 

Lupin (Lupmus) 

( Pea (Pis am sativum) 

Broad Bean ( Vicia Faha) 

Lentil (Ervum Lens). 

Hazel Nut {Oorylus Avellana). 
'Almond (Prunus Amygdalus) 
Peach (P Persica), 

Plum (P. domestica). 

^Apricot (P. Armemaca). 

European Walnut (Juglans regia) 
American Black Walnut (J mgi^a). 
American Butter-nut (J cinerea). 
Brazil Nut (Bertholletia ewoelsa). 
Hemp (Gannabis sativa). 

Oat (Avena sativa). 

Sweet Chestnut (Gastanea vuL 
garis). 

Maize (Zea Mays). 

Potato (Solanum tuberosum). 
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Crystalline globulins have also been isolated from the following' 
seeds but have as yet no distinctive names Flax {L%num imtatissimmi), 
Squash {Gumrhita maxima), Bean [Rioinus Coconut 

{Cocos mbcifera), Cotton-seed {Gossyinibm herhoceum). Sunflower {Sell- 
anthits annuiis), Radish {Raphamis sativus)^ Peanut {Arachis hypogaea), 
Rape [Brassica cavipestns) and Mustard {Brass%ca alha). 

It will be seen that the majority of reserve proteins of seeds are 
globulins It IS piobable that native and artificial crystalline proteins 
are identical in many cases. 

Prolamins These proteins are characterized by the fact that they 
are insoluble in water and dilute saline solutions^ but are soluble in 
70-90 7o alcohol. Such proteins are peculiar to plants, and are formed 
to a considerable extent in the seeds of cereals The principal ones 
which have been isolated are 

Gliadm found in the seeds of Wheat [Triticum vulgare) 

„ „ „ Rye {Seoale cereale) 

Hordein „ „ Barley {Hordeum vulgare) 

Zein „ „ Maize {Zea Mays), 

The properties of the gliadms are demonstrated in Expts. 128, 129, 
130 and 131. 

Glutelins. Tlio proteins of this group are insoluble m water, dilute 
saline solutions and in alcohol, but they are soluble in dilute alkalies. 
Glutenm of wheat is the only well- characterized member of this class 
which has so flir been isolated, though other cereals most probably 
contain similar proteins. A protein of this nature has also been obtained 
from seeds of Rice {Orym sativa). The properties of the glutehns are 
demonstrated in Expts. 128, 129 and 131. 

Nucleoprotems. Though these proteins probably form constituents 
of all colls, the only members of the class investigated are those of the 
wheat embryo. This has been possible since nuclei form a large pro- 
portion of the tissue of the embryo They may be regarded as protein 
salts of nucleic acid, i.e. protein nucleates. On hydrolysis with acids or 
enzymes they split up into various proteins and nucleic acid, The 
nucleoprotems arc also connected with the purins (see p. 164) 

Metaproteins. Those arc hydrolytic products of albumins and glo- 
bulins formed by the action of water or dilute acid or alkali. They 
are insoluble m water, strong mineral aeids and all solutions of neutral 
salts, but are soluble m dilute acids and alkalies in the absence of any 
large amount of neutral salt. 
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Exptl’i^ Reactions of metapy otein. Dissolve about Igm of edestiii (secExpt 133) 
in 50 c c of a 2 % bydroclilono acid and keep on a boiling water-bath for 2 hi s. 
Neutralize with dilute sodium carbonate solution A copious precipitate of ineta- 
Xirotein separates out which is insoluble m water Filter off the precipitate and 
wash Make with it the following tests 

(а) Dissolve up some of the precipitate again in 0 4 % hydrochloric acid To 
j Xiortions of the solution add (i) Dilute sodium carbonate the metaxirotoin is x^rc- 

cipitated again and redisaolves in excess, (ii) Concentiated hydrochloric acid the 
metaprotom is preciiiitated (in) Boil some of the acid solution No coagulum is 
formed the metaprotem is not precipitated by boiling when m solution, and can 
still be precipitated by neutralizing with sodium carbonate 

(б) Suspend some of the precipitate m water and boil Cool and add 0 4 ^/,j 
hydrochloric acid the precipitate is now insoluble, since the rnetaprotcin is coagu- 
lated when boiled in suspension 

(c) To some of the precipitate suspended m water, add gradually saturated 
ammonium sulx-ihate solution the metaprotein is insoluble in all concentrations of 
the salt 

Proteoses (albumoses) and peptones. These substances are formed 
as products of hydrolysis by enzymes When present in extracts from 
seeds, however, it is sometimes nncertain whether they formed original 
constituents of the seeds or resulted from hydrolysis. 

As a result of the enzyme hydrolysis of proteins a mixture of various 
proteoses is usually produced (Chittenden and Mendel, 4) which can bo 
separated by various methods, such as different solubilities in ammonium 
sulphate, alcohol, etc. The alhumoses are soluble in water, salb solutions, 
dilute acids and alkalies They are all precipitated by complete satura- 
tion with ammonium sulphate, and some by half-saturation with the 
same salt On the whole, they give the general colour reactions of the 
proteins, and are precipitated by the protein prccipitants, though some 
groups of proteoses show certain exceptions. Their solutions are not 
coagulated on boiling. 

The peptones are the only proteins not precipitated by complete 
saturation with ammonium sulphate. They give the protein colour 
reactions and are precipitated by tannic acid and load acetate 

ExpL 126 Separation and reactions of proteoses Take 2 gms of the globiilm 
edestin (prepared as in Expt 133) and put m a flask with iOO c c, of 0’20/o hydro- 
chloric acid and warm until as much as possible of the edestin goes into solution. 
Then cool and add 0 5 gm. of commercial pepsin add also a little tolupl, shake 
and plug with cotton-wool Leave in an incubator at 38^* 0. for 4 days. (A control 
experiment should also he made with 100 o.c of 0 2 hydrochloric acid and 
0 5 gm of pepsin. Since pejosm itself gives a biuret reaction, a control is necessary 
for comparison in the next experiment ) The preliminary changes in edestin hydro- 
lysis are rapid, for it will be found that if the edestin solution is tested with sodium 
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chloride solution even after 24 hours in the lucuhatoi, no piecipitate will bo given 
with sodium chloride, in contiast with the copious precipitate given on the addition 
of salt solution to the unaltered acid solution of edestin (see also Expt 124) After 
tour days, the incubated rmxtuie is neutralized with dilute sodium carbonate 
solution, filtered and saturated while boiling with solid ammonium sulphate 
A preciintato of proteoses is formed, which can bo gradually collected together as 
a sticky mass and removed with a glass rod Dissolve the precipitate in some hot 
water, filter and make the following tests 

(a) Xanthoproteic reaction Add a few drops of nitric acid It is charaotenstio 
of most piotcoses that a 2)rocipitate is foiined which disappears on lieating and 
leappears on cooling. In the case of the proteoses from edestm, only a slight pre- 
cipitate may be given, hut it is increased by adding a little sodium chloride solution 
The colour is intensified in the usual way by addition of ammonia 
(&) Millon^s 'reaction A positive lesult is given 
(c) Olyoxyhc reaction A positive result is given 
{d) Bmiet reaction A pink or pinkish- violet coloiii is given 
(e) Bulphnr reaction A positive I'csuli is given 
(/) Add a little tannic acid solution A precipitate is formed 
{g) Add a drop of copper sulphate solution A precipitate is formed 
[li) Add a drop of strong acetic acid and then a couple of drops of potassium 
ferrocyauide A precipitate is formed which disappears on heating and reappears 
on cooling 

{%) Boil some of the solution No coagulum is formed 

Eaypt 127 Detection of peptone The saturated solution, from which the proteoses 
have been pi ocipitated, is then filtered and to a measmed quantity (about 5 c.c) 
twice the volume of 40 ‘Vo sodium hydroxide is added and a drop of 1 copper 
sulphate solution A pmk coloui appears, due to the presence of peptone. A test 
should he made with the control solution containing hydrochloric acid and pepsin 
only An adequate amount should he saturated with ammonium suliihate, filtered 
and 5 c c tested for pex^tone The reaction is less marked than in the actual hydro- 
lytic product Concentrate the remainder of the pexitone solution on a water-bath 
and jioiir off from the excess of ammonium sulphate crystals Filter and make 
the following tests (i) Xanthoproteic, (n) Millon’s, (in) Glyoxylic, (iv) Tannic acid 
A x>ositive result is obtained m each case 


The Seed Pkoteins of ceetain Plants 

The proteins present in the seeds of certain genera and species, upon 
which special investigations have been made, may now be considered 
It should be borne in mind that there are always several jirotoms 
present m the seed. Some are reserve proteins of the cells of the 
endosperm or of the storage tissue of the cotyledons others are proteins 
of the protoplasm and nuclei of the tissues of the embryo and of the 
endosperm. 
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Proteins of Cereals {Qraminaceae) 

As far as investigations have gone it may be said that the starchy 
seeds of cereals are poor in albumins and globulins The chief reseive 
proteins belong to the peculiar group of prolamins, and a considerable 
portion also consists of glutelins 

The gram of Wheat {Triticum vulgare) contains some protease and 
a small percentage of an albumin^ leucosin A globulin occurs only 
in very small amount The bulk of the protein consists of gliadm (a 
prolamin) and of glutemn (a glutelin). Nucleoprotems are present in 
the embryo, but there is no gliadm or glutemn (Osborne and Voorhees, 14) 

FJ%pt 128 Extraction of the proteiois of the Wheat gram {a) Extraction of 
albumin (leucosin) and proteose Take 100 gms of white flour (the same quantity of 
wheat grains which have been ground in a coffee-mill may be used, but the extraction 
in this case is slower), put the gi’oimd mass in a large flask or beaker and add 
250 c c of distilled water Let tbe mixture stand for 1-4 brs , shaking occasionally 
Piltei off some of the liquid, first through muslin and then on a filter-pump Reserve 
tbe residue on the filter and test the filtrate for proteins [Expk 121, (a)-(<^)] 

Boil a second portion of the filtrate (after adding a drop or two of acetic acid) 
A precipitate of the albumin, leucosin, is formed Filter off tins pi ecix^itate, cool the 
filtrate and make the protein tests again All the above tests are given by the proteose 
in solution in the case of the xanthoproteic, the precipitate disappears on heating 
and reappears on cooling (Expt 126) Also make the following special test for 
proteoses (Expt 126) Add a little potassium feuocyamde solution and acetic acid 
A white precipitate is formed which disappears on heating and reappears on cooling 
(h) Extraction of the globulin Take the residue of ground wheat and drain on 
a filter-pump Then extract with 250 c c of 10 ®/o sndium chloride solution for 
12-24 hrs Filter off, first through muslin, and then through paper on a filter- 
pump Put the extract to dialyze in a collodion dialyzer for 24 hrs (toluol should 
be added to the liquid in the dialyzer) Filter oft the precipitate, which will be very 
slight, and dissolve it m a little 10% sodium chloride (Though so little globulin is 
present, the exxieriment is instructive foi comparison with the large amount of 
globulin obtained from many other seeds ) Make the tests for protein [Expt. 121, 
(a)-(o?)] with the solution (MiUoifs cannot be used on account of the iiresence of 
chlorides). Also try the eftect of (i) boiling the sodium chloride solution coagulation 
is not complete, (ii) adding a little acid* a jirecipitato is foimed as in the case of 
edestm 

(c) Extraction of gliadm Take the wheat residue, which has been filtered from 
the sodium chlonde solution, and add 250 c.e. of 95 o/o alcohol Warm on a water- 
bath and filter. Evaporate the filtrate, which contains gliadm, on a water bath (or 
better distil off the alcohol in vacuo) When reduced to about half its bulk, take a 
little of the filtiate and filter Divide this filtrate into two parts m test-tubes. To 
one add water to the other absolute alcohol A white precipitate of gliadm is 
formed m each case, since it is insoluble in both water and stiong alcohol, though 
soluble in dilute alcohol The remainder of the gliadm extract is evaporated almost 
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to dryness, and then j)oured into a large volume of distilled water A milky jirecipi- 
tate of gliadni is formed which may be made to settle by adding a little solid sodium 
chloride and Stirling Filter off the gliadm and dissolve in 10 ^/q acetic acid With 
the solution make the tests for protein [E\pt 121, (£t)-(c^)] 

(d) E^hti action of ghitcmn Take half the wheat residue from the alcoholic ex- 
traction, pound well in a mortar and extract again with wainn alcohol and subsequently 
with water The residue nuist be free from watci- and alcohol-soluble proteins as 
they are also soluble in alkalies Then extract the residue with 0 1 % caustic potash 
solution Filter ofi the extract winch contains the glutemn To a portion of the 
N 

filtrate add — sulphuric acid drop by drop A precipitate of glutenin is formed 
Test the remainder of the filtrate for proteins [Expt 121, {a)-{d)'\ 

The gliadm of wheat has the peculiar propeity of combining with 
water to form a sticky mass which binds together the particles of 
glutemn, the whole forming what is termed gluten It is this phenomenon 
which gives the sticky consistency and elastic pioperties to dough. 

Expt 120 To demonstrate the jact that gluten formation depends on the presence 
of gliadm Take two small evaporating dishes Fill one with ordinary flour Fill 
the other with flour that has been extracted with 70 ^/o alcohol foi two or three days. 
(The alcohol is allowed to stand on the wheat in the cold It is then poured off, and 
moie added, and the piocess repeated The flour is now diied again, first in air, then 
in the steam-oven and finally is ground in a mortar ) A little water is added to 
each of the dishes and the flour woikcd up into a dough. This is then allowed to 
stand for half an hour The dough consists of gluten (gliadm and glutenin) to winch 
the starch adheres Next take two beakers, fill with water, and over the top of each 
tie a muslin cover Place the two samples of dough on the muslin on the two boakeis, 
and rub gently with a glass rod The starch will be washed away into the beakers In 
the caso of the normal flour a sticky mass of gluten will remain In the other case 
there will be no gluten on account of the absence of gliadin To the susi^ension of 
starch m the beaker add some iodine solution, and it will turn a deep blue-black colour 

In the Barley {Hordeim vidgare) gram, small percentages of an 
albumin, apparently identical with leucosin, and of a globulin, barley 
edestm, are present, together with some proteose The mam protein is 
a prolamin, hordem, very similar to, hut not identical with, gliadm 
There is no well-defined glutelm (Osborne, 9). 

E^pt 1 30 Extraction of the proteins of the Barleg grain* {a) Extraction of the 
albumin and proteose Grind up 100 gms of barley grams in a ooffeo-mill, or use 
preferably barley flour Add 250 cc of distilled water to the ground meal, and 
allow the mixture to stand" for 1-4 hrs Filter off the extract, first through rnuslui 
and then through filter-paper The extract will contain a small quantity of the 
albumin, leucosin, and proteose. With the filtrate make the tests for iirotoms 
[Expt 121, (ay{d)] 

Boil a second portion of the filtrate. A white precipitate of the coagulated pro- 
tein IS formed Filter off the precipitate, cool the filtrate containing the x^roteose 
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and test for proteins All the tests will be positive m the case of the xanthopioteic, 
the precipitate disappears on heating and reappeais on cooling, a characteristic of 
proteoses (Expt 126) Make also the special test for proteoses Add a little potas- 
sium ferrocyanide and acetic acid A white precipitate is formed which disa]3pears 
on heating and reappears on cooling 

(fi) Extraction of the globulin To the barley residue, after exti action with 
water, add 250 c c of 10 sodium chloiide and allow the mixture to stand for 
12-24 hrs Filter liist through muslin and then filter-papei, and put the extract 
to dialyze for 24 hrs Filter olf the precipitate of globulin which will ha\e formed, 
and take it up into solution again in as small a quantity as xiossible of 10 ^/o sodium 
chloride Make with the solution the following tests (i) The usual (except Millon’s) 
tests for proteins [Expt 121, («)-{o?)] these will give positive results (ii) Boil a little 
of the solution imperfect coagulation will take place (iii) Add a little acid a pre- 
cipitate IS formed, as is usual with plant globulins 

(c) Extraction of the prolaonm^ hordein The residue, after the sodium chloride 
extraction, is then extracted with 250 c c of warm 95 o/q alcohol Filter, and con- 
centrate the filtrate on a water-bath (or better, distil in vacuo) After concentration, 
test a little filtered extract as follows iiour a few drops into (1) absolute alcohol, 
(2) distilled water A white precipitate of hordem is produced m each case, since, 
like gliadin, it is insoluble in both strong alcohol and water, but soluble in dilute 
alcohol Then pour the whole extract into a large volume of water The protein is 
precipitated as a fine white suspension, but will settle out more readily if a little 
solid sodium chloride is added, Filtei off the hordein, and dissolve in 1 acetic acid 
Make the usual protein tests [Exjit 121, {a)-{d)'\ , there will be a positive result in 
each case 

In the Rye {Secale cereale) gram there are small percentages of 
proteose, and of leucosin and edestin The greater part of the protein 
IS gliadm, said to be identical with that m wheat 

In the Maize {Zea Mays) gram there is apparently no true albumin, 
though t/here is some proteose There are small quantities of globulin, 
but the greater part of the protein is a prolamm, termed zem, and a 
glutenm (Osborne, 10). 

Expt 131 Extraction of pwteins of the Maize gram (a) Exti action of proteins 
soluble in watei Grind up 100 gms of maize grams m a coffee-mill, or preferably use 
maize meal Add 250 c c of water and allow the mixture to stand 1-4 hrs Filter 
off, first thiough muslin, and then filter-paper The filtrate contains ])rotoose and 
probably a little globulin which has gone into solution owing to the jiresence of salts 
in the seed Make the usual tests for protein [Exi^t. 121, (c&)-(<3?)]. 

Boil another portion of the filtrate Some coagulation of protein will take place 
Filter, cool the filtrate and test for protein [Expt 121, (a)-((i)] Positive results will be 
given by the proteose present Make also the special test for proteoses . Add a little 
potassium ferrocyanide and acetic acid A white precipitate is formed, which dis- 
appears on heating and reappears on cooling 

(h) Extraction of globulin The residue, after water extraction, is next tieated 
with about 250 cc of 10 % sodium chloride , solution for 12-24 hrs Filter, first. 
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through muslin, and then through filter-paper. Dialyze the extract for 24 hrs Then 
filter oflp the precipitate of globulin which will have separated out, and dissolve 
in 10 7o sodium chloride Make with the solution the following tests (i) The usual 
(except Millon’s) tests for proteins [E\pt 121, (a)-(c?)] these will give positive results, 
(n) Boil a little of the solution imperfect coagulation takes place (in) Add a little 
acid the iirotcin is precipitated. 

(c) Et, traction of the frolamin^ zein The residue after salt extraction is then 
extracted with 250 c c of hot 95 alcohol Filter, and concentrate the filtrate, 
which contains the zem, on a water-bath (or, better, distil tn vacuo) Pour a few 
drops of the concentrated extiact into (1) absolute alcohol, (2) distilled water As 
in the case of gliadin and hordein, a precipitate of zein will be formed Then pour 
the whole extract, after evapoiatmg to a small bulk, into excess of distilled water, 
and add a little solid sodium chloiido The precipitate of zein will slowly settle, and 
can bo filtered ofP Zein is not readily soluble in acids and alkalies Hence Millon’s 
and the xanthoproteic tests should be made on the solid material Zein does not 
contain the tryptophane nucleus To demonstrate this, the glyoxylic reaction should 
be made by shaking up some solid zem in reduced oxalic acid and adding sulphuric 
acid and mixing No purple colour is formed. 

(d) E.vtractwn of glutemn Take about half of the residue after the alcoholic 
extraction, pound in a mortar, and extract again with alcohol Then extiact the 
residue with 0 1 o/o Ccaustic potash solution. Filter off the extiact which contains 

the glutemn To a poition of the filtrate add sulphuric acid drop by drop 

A precipitate of glutemn is formed. Test the remainder of the filtrate for proteins 
[Expt 121, {a)^id)] 

Proteins of Leguminous Seeds {Leguminosae). 

In the Legummosae, which are starchy seeds, the chief reserve 
proteins, as contrasted with those of cereals, arc globulins The various 
proteins occurring im,y bo enumerated as * 

Legumm A globulin which forms the chief protein in the seeds of 
the Broad Bean {Vida Faba), the Pea (Pisum sativimi)^ the Lentil 
(Ervum Lens) and the Vetch (Vicia saliva) Legumm itself is soluble 
in water, but occurs as salts which arc insoluble m water and soluble 
in saline solutions. Some portion can bo extracted from the seed by 
water only. 

Vicilin. A globulin occurring in smaller quantities than legumm 
and found only in the Pea, Bean and Lentil seeds 

Phaseolin. A globulin forming the bulk of the protein of the 
Kidney Bean {Phaseolm vulgaris), 

Conglutm. A globulin forming the bulk of the protein in Lupin 
{Lupinus hiteus) seeds. 
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Legumelin. An albumin found in small quantities in the Pea, 
Broad Bean, Vetch and Lentil 

Phaselin. An albumin found in small quantity in the seeds of the 
Kidney Bean (Phaseolus vulgaris) 

Small quantities of proteoses are found in most of the above seeds 

Evpt 132. Ext't action oj the proteins of the Pea (Pisum sativum) (Osborne and 
Campbell, 11, 12, Osborne and Harris, 13) As we have seen (E\pt 121), a certain 
amount of protein, including globulin, goes into solution when ground peas are ex- 
tracted with water A more complete method of extraction is as follows (Irind in 
a coffee-mill 20-30 gms of peas, add to the ground mass 50-60 c c of 10 sodium 
chloride solution and allow the mixtiue to stand for 1-2 hrs Then filter off and 
saturate the filtrate with solid ammonium sulphate The globulins, leguinin and 
vioihn, are precipitated out Filter off the xDrecipitate, and then take iq) in dilute 
ammonium sulphate saturated) and add saturated ammonium sulxihate in the 
proportion of 150 c c to e\er7 100 c c of the solution (3^0- saturation) The legumm 
IS precipitated and can be filtered oft Satin ate the filtrate with ammonium sulphate 
the vicilm is precqiitated and can be filtered oft’ Dissolve iip a little of each ]prGc]- 
pitate ill 10 o/q sodium chloride, and boil The vicilin is coagulated, hut the legumm is 
not Then dissolve up the lemainder of the xirecixiitates in dilute ammonium sulphate? 
and test both the solutions for protein by the usual reactions [Expt 121, (a)-((^)]. 

The albumin, legumelin, which occurs only m small quantities m the seeds, can 
be obtained by dialyzing a water extract of the ground jicas until all the globulin is 
precix)itated On filtering and heating the filtrate, a coagulum of legumelin is formed. 

Proteins of fat-containing Seeps 

Of the seeds which contain fat as a reserve material, those investi- 
gated have been found, in contrast to the cereals, to contain largely 
globulin as reserve protein. In many cases those globulins have been 
obtained m crystalline foim after extraction from the plant 

The Hemp-seed {Oannabis sativa) contains one of the best-known 
crystalline globulins, namely edestin Pure neutral edestin 3 S insoluble 
in water but soluble 111 salt solutions In the presence of acid, howovc'r, 
edestin forms salts which are insoluble in salt solutions. Hence a 
solution of edestin in sodium chloride is precipitated by even small 
quantities of acids, and, conversely, a solution of edestin in acid is 
j)recipitated by small quantities of salt (Osborne, 8). 

Ea)pt 133 Extraction and crystallization of edehtinfio in Ilemp-seed Take 50 gms. 
of hemp-seed and grind in a coftee-rmll Put the ground seed in a largo evaporating 
dish and add 200 c 0 of 5 sodium chloride solution Heat with a small flame and 
stir constantly A thermometer should be Icejit in the dish, and the liquid must not 
rise above 60" 0 Filter ofir, m small quantities at a time, keejiing the solution in the 
dish warm On cooling, the edestin separates out from the filtrate more or less in 
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crystals To obtain better crystals, tiltei off the edestm that has been deposited, and 
pour the ffltrate into a dialyzer, add a little toluol, and suspend the dialyzer in 
running water As soon as it is cloudy, examine the dialyzed solution for crystals 
under the microscope Add a little 5% sodium chloiide solution to the original 
precipitate of edestin m the filter Make with the filtrate the following tests 
(i) The tests for proteins [Expt 121, («)"Wj Millon’sJ (ii) Boil a little of the 

solution it is nn})eifectly coagulated (in) Add a little acid edestm chloride is 
precipitated 

In the Castor-oil seed {liicinus covimums) there is also present a 
globulin which can be obtained in a crystalline form by the method of 
Expt 134 In addition, there is present an albumin, ricin, which has 
peculiar toxic properties (Osborne, 8) 

A well-crystalhzed globulin can be obtained from the Linseed {Linum 
iis%taUssimii7n\ and a globulin, cxcelsin, from the Brazil nut (Bertholletiic 
eoocelsa) also in crystalline or scnii-crystallme form Similar globulins 
can be extracted from a number of other seeds, le Coconut (Gogos 
nmifera). Sunflower (Hehanthus armvvs), Ootton-seed (Gossypiutn her- 
baceum), Mustaid-secd (Brassica alba) and many others The fat is fiist 
removed fiom the ground seed by ether or boiizone , the residue is then 
extracted with dilute sodium chloride and the oxtiact dialyzed 

Bxpt 134 Bi'tmctwn of the glohdiii fro7ii Ricinus Weigh out about 50 gms of 
Ibnnus seeds, take off the testas and pound in a mortar Extract the oil by the 
method given m Expt 82 After extracting the oil, grind up the residue again in a 
mortar, and then treat it witli about twice its hulk of 10 «/,) sodium chloride solution 
for hrs Filter successively through muslin and filter-paper and dialyze the 
ffltrate The glohnhn will bo prooipitatod m sonn-crystalhne sphoi’oids When 
the hulk of tho globulin has separated out, filter off* the precipitate, and dissolve it 
m as dilute a sodium chloride solution as possible Make the following tests with 
the solution (i) Tho tests for proteins [Expt 121, (gy(d\ except Milieu’s] (n) Boil 
a little of the solution ; tho coagulation is not complete (in) Add a little hydiochlonc 
acul a precipitate is formed 

ExpL 135 Eoitmetum of the glohtUn from Limmd (Osborne, 7, 8) Weigh out 
about 50 gms of Linseed and grind it in a coffee-unll Extract the oil as in Expt, 82 
Treat tho residue with about twice its hulk of 10 % sodium chloride solution for 
G~12 hrs Then filter through muslin and filter-paper, and dialyze the filtrate 
Thft globulin separates out in octahodra. Filter off* the protein, and take up in 
dilute sodium chloride Test the solution as in the case of Eiainus glolnilm in the 
previous experiment 

Expt 136 Extraction of the ghlmlin {exceUin) from the Brazil nut (Osborne, 8) 
Weigh out about 100 gms of tho nut, free from the testas, and, after pounding in a 
mortar, extract the oil by the usual method. Then proceed as an tho two previous 
experiments. The protein separates out m somi-crystallmo spheroids Filter off the 
precipitated excelsm, and dissolve in dilute sodium chloride solution Make with 
it the tests as for the glohulms in the last two experiments. 
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The Amino-acids 

There is every reason to believe, since they always arise in Iiydrolysis 
of proteins, that amino-acids are universally distributed in the plant. 
It IS, however, difficult to isolate and detect them, except in certain 
special cases, as, for instance, m germinating seeds when a large store 
of protein is being rapidly hydrolyzed and translocated The following 
IS a short account of the occuirence of some of the amino-acids in the 
free state (see also p 120) 

Valine has been isolated from seedlings of the Vetch {V%om), Lupin 
(Liipinvs) and Kidney Bean (Phaseolus) It is present in larger amounts 
IE etiolated seedlings of Lupin than in the green plants. 

Leucine is widely distributed. It has been isolated from seedlings 
of ViGia, Vegetable Marrow (Gucurhita), Lup%nuSj Pea (Pisiim) and 
Gooscfoot (Ghenopodiimb) It has also been found m Phaseolus^ Water 
Ranunculus {Raminculiis aqiiaUlis), buds of Horse Chestnut {AesGidvs 
Hippocastanum) and in small quantities in Potato tubers and other 
plants 

Isoleucme has been extracted from seedlings of V%Gia satvm 

Aspartic acid Tlie amide of this acid, i e. asparagin, 

CONHq-CHs CHNHs cooh 

is widely distributed in plants It is present m shoots of Asparagus 
from which it derives its name. It has also been extracted in, very 
considerable quantities from etiolated seedlings of Vicia, Lupin, and from 
various plants such as Potato, Dahlia, Garden Nasturtium {Tropaeohmi), 
Guciirhiia and Sunflower {Hehantlms) 

Glutammic acid. The amide, again, of this acid, i.e. glutanaine, 
CONHa CHg CHq’CHNHs COOH 

IS widely distributed It has been isolated from seedlings of Gvourhita, 
Lupimis, Hehantlms, Castor-oil plant {UiGimis), Spruce Eir {Picea eaxelsa) 
and a number of Cruciferae 

Arginine has been isolated from seedlings of Lupinus, Giccarhita, 
Vieia, and Pisum It is especially abundant in the seedlings of some 
Coniferae, i.e. PiGea esccelsa, Silver Fir (Ahes pectinata) and Scotch Bhr 
(Pinus sylvestris) It also occurs in roots and tubers, as for instance in 
those of the Turnip {Brassiea campestris), Artichoke {Helianthus tubero- 
sus), Chicory (Gichorium Intyhus), Beet {Beta vulgaris), Potato and 
Dahlia, and in the inner leaves of the Cabbage {Brassioa oleracea) 
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Lysine has been isolated from seedlings of Lupinu3, Vida and 
Pisum Also from the inner leaves of the Cabbage and tubers of the 
Potato, 

Phenylalanine has been isolated from seedlings of Lupimis luteus, 
Vioia saUva and Pkaseolus vulgaris. 

Tyrosine is very widely distributed. It is present m seedlings of 
Vicia sativa^ Gucurbita, Ltipinus, Tropaeolum and tubers of Potato, 
Turnip, Dahlia, Beet and Celery Also m berries of Elder {Samhucus), 
in Clover {Trifohurn)^ Bamboo (Bambicsa) shoots and other plants 

Proline has been isolated m very small quantities fiom etiolated 
seedlings of Lupinus alhus 

Histidine has been isolated from seedlings of Lupimis and tubers of 
Potato 

Tryptophane has been isolated from seedlings of Lupinus albus and 
V%oia sativa 


The Proteases. 

We have seen in the previous pages that proteins can be hydrolyzed 
artificially with the intermediate production of proteoses and peptones, 
and the final production of a number of amino-acids. There is no doubt 
that this process of hydrolysis takes place in the living plant, and it is 
believed that the converse process, the synthesis of these proteins from 
amino-acids, also takes place m the coll 

There is evidence that this hydrolysis of proteins is catalyzed by 
certain enzymes whmh have been termed proteases On analogy with 
other enzymes, we may sup})oso that those enzymes also catalyze the 
synthesis of the proteins, 

TL seems highly piobablo that the proteases are of two types * 

1, Popsin-likc enzymes, which catalyze the hydrolysis of proteins to 
peptones, and, in all probability, the reverse process 

2. Ercpsin-like enzymes, which catalyze bho hydrolysis of albumoses 
and peptones to ammo-acids, and, in all probability, the reverse process 

We now turn to the evidence for the existence of proteases. In 
autolysis (see p. 19) the hydrolytic activity of many enzymes is un- 
controlled, and in the case of the proteins, the amino-acids are formed 
as end-products. Ammo-acids are rarely present m plants in sufficient 
quantity to be detected readily, at any rate in small quantities of 
material, but if the tissues are put to autolyze at temperatures of 38-40° C., 
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the amino-acids then accumulate and can be detected. Of all the ammo- 
acids the one which is most readily identified ]s tryptophane If the autolyzed 
product IS boiled, acidified and filtered to remove the remaining proteins, 
and, to the filtrate, bromine is added, drop by drop, the formation of a 
pink or purple colour will indicate the presence of free tryptophane, and 
hence it may be assumed that protein-hydrolysis has taken place 
Probably the formation of amino-acids m autolysis is a universal property 
of plant tissues, for tryptophane has been detected on autolysis of many 
different parts of plants Examples are the germinating seeds of the 
Bean (Victa Faba), Scarlet Runner (Phaseolus midhflorits), Pea {Pisim, 
sativum), Lupin {Lupiniis Inrsutus) and the Maize {Zea Mays) and in 
ungermmated seeds of the above, though less readily It is also said to 
be formed on autolysis of leaves of Spinach (Spioiacia), Cabbage (Brassica), 
Nasturtium (Tropaeolum majus), Scarlet Geranium {Pelargonium zonale), 
Dahlia (Dahlia variabilis) and others also of fruits of Melon (Gnewmis 
Melo), Cucumber (Gucumis sativus), Banana (Musa sapientum), Tomato 
(LycopersiGum esculentum) and others of bulbs of the Tulip (Tahpa), 
Hyacinth (Hyacinthus orientahs) and underground roots of Turnip 
(Brassica), Carrot (Daucits Garota) and Beet (Beta vulgaris) (Vines, 
16-24, Blood, 3, Dean, 5, 6) 

En'pt 137 The formation of tryptophane 07h autolysis of resting seeds Ornid up 
in a coffee-mill 15 gms. of Mustard [Brassica alba) seed. Transfer to a flask, and add 
100 G c of distilled water and about 2 c c of toluol Plug the mouth of tlic flask 
with cotton-wool and put m an incubator for 3 days. Then filter off the iKpiul, hoil 
the filtrate and add a few drops of acetic acid Filter ofi’ any precipitate formed, 
cool the filtrate and add bromine water slowly and carefully drop by drop^ shaking 
well after each drop A pmk or purple colour denotes the presence of tryptophane 
Excess of bromine will destroy the colour Then shako up with a little amyl 
alcohol The purple colour will be extracted by the amyl alcohol which will rise to the 
top of the water solution A control experiment should be made using JOgms of 
seed which has been well boiled with water in an evaporating dish 

It has been assumed that the formation of amino-acids from proteins 
on autolysis is the outcome of two processes, the hydrolysis of proteins 
to peptones by pepsins, and the hydrolysis of peptones to amino-acids 
by erepsins 

The next point to he considered is the possibility of detecting these 
two classes of enzymes separately. If either the pulp, or water extract, 
of various plant tissues be added to peptone solution and allowed to 
incubate at 38° C., tryptophane can be readily detected after a day or 
two. This has been found to be true for the tissues of many seeds, 
seedlings, roots, stems, leaves and fruits (such as those already mentioned 
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above and others), the result indicates the wide distribution of an 
erepsin type of enzyme The detection of this enzyme is facilitated 
by the addition of the artificial supply of peptone 

138 The detection of oepsms in plants 

{a) In resting seeds Grind up 10 gins of seeds in a coflfee-millj and add 100 c.c 
of water, 0 2 grn of Witte’s jieptone and a little toluol Incubate for 2-3 days The 
following seeds may be u&cd . Hemp {Cannahis satmi\ Gastor-oil {Ihoimts coimmtms)^ 
Pea {Pisxmi sativim\ Scailct Kimner {Phaseolus muUiJloriis), Broad Bean (Vicia 
Faha) and fruit of Wlieat {Tnticnm milgare) Test for tryiitopliane Controls 
should bo made in tlieao and the following cases 

(b) In germmating seeds Take 10 geiminating peas, pound in a mortar, add 
100 CO of distilled water, 0’2 gm of Witte’s peptone, and a little toluol Incubate 
for 3 days Test for tryptophane 

(c) In leaves Pound up a small cabbage loaf, add 100 c c of water, 0 2 gm of 
Witte’s peptone and a little toluol Incubate for 3 days Test for tryptophane 

{d) In 9 vots Pound up about 20 gms of fresh carrot root. Add about 100 c c of 
water, 0 2 gm of Witte’s peptone and a little toluol Incubate for 3 days Test for 
tryptophane 

The pepsin type of enzyme is less leadily detected It has long 
been known that the pitchers of the Pitcher-plant {Nepenthes) secrete 
an enzyme which digests fibrin. A few other cases of protein-digestmg 
enzymes are well known, such as the so-called '' bromeliu from the fruit 
of the Pme-apple {Ananas sativus), ‘^cradem ” from the latex and fruit of 
the Fig {FtGus) and “ papain ” from the fruit and leaves of the Papaw 
Tree {Oarica Papaya) Such enzymes were formerly termed ''vegetable 
trypsins’" as they weie thought to be of the typo of animal trypsin which, 
alone, hydrolyzes proteins to aimno-amds. On analogy with the results of 
research with other enzymes, it seems likely that "papam,” "cradem” 
and brumelm ” are all mixtures of pepsin and erepsm. In addition to 
these bettor known cases, it has also been stated that fibrin is digested 
by extracts or ponndnd pulp of the fruits of the Cucumber and the 
Melon, the " germ ” (embryo) of Wheat, the bulbs of Tulip and Hyacinth, 
the seedlings of the Bean, Pea, Scarlet Runner, Lupin and Maize, and 
the imgermmated seeds of the Pea, Lupin and Maize. These have also 
been shown to contain erepsm. 

A separation of pepsin from erepsin has been achieved in the case 
of the seeds of the Hemp {Cannahis satim) by means of the dilforent 
solubilities of the two enzymes in water and salt solutions 

Expt 139 The eMraction and the separation of the two enzymes^ erepsin and 
pepsin^ from Eemp-seed (Cannabis saliva) (Vines, 22) Weigh out bOgms of hemp-seed, 
grind it in a coflee-mill and extract with 250 c.c of 10% sodium chloride solution 
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Allow the mixture to stand all night and then filter Both operations should be 
carried out at as low a temperature as possible Measure the filtrate, and add acetic 
acid to the extent of 0 2 7o A dense precipitate is formed Filter again, keeping as 
cool as possible 

The acid filtrate contains the erepsin, but not the pepsin. Measure out 40 c c. 
into each of three small flasks, and add the following (i) 0 2 gm of Witte’s 
peptone, (ii) the same, only boil the whole solution, (in) 0 2gm of carmine fibrin h 
Add a little toluol to all three flasks, plug with cotton-wool, and incubate for three 
to four days. Test for tryptophane in flasks (i) and (ii) , the first gives a marked 
reaction, the second little or no reaction The fibrin in (iii) will remain unaltered. 

The precipitate produced by the acetic acid is then washed on the filter twice 
with 100 c c of 10 % sodium chloride solution, containing 0 2 acetic acid, to 
remove tiaces of erepsm The precipitate is then treated with about VOc.c of 
water, allowed to stand for a time, and then filtered The filtrate is divided into 
three equal portions Add the following respectively (i) 0 1 gm of carmine fibrin, 
(ii) the same, but the solution is boiled, (m) 0 2 gm of Witte’s peptone Add a 
little toluol to all three flasks, plug with cotton-wool and inoiibato for 3-4 days 
The fibun will be seen to digest slowly m flask (i) (ii) will show no digestion, and 
(in) will give no tryptophane leaction 
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CHAPTER IX 


GLUCOSIDES AND GLUOOSIDE-SPLITTING ENZYMES 

Attention has been drawn to the fact (Chapters v and vii) that in the 
plant, compounds containing hydroxyl groups often have one or more of 
these groups replaced by the CeHnOs — residue of glucose Such com- 
pounds are termed glucosides The substances in which this substitution 
most frequently occurs aie of the aromatic class, and the glucosides may 
be regarded, on the whole, as ester-like compounds of carbohydrates 
with aromatic substances The non-sugar portion of the glucoside may 
vary widely m nature, and may be, for instance, an alcohol, aldehyde, 
acid, phenol, flavone, etc The sugar constituent is most frequently 
glucose, but pentosides, galactosides, mannosides and fructosides are also 
known Sometimes more than one monosaccharide takes part in the 
composition of the glucoside (These various relationships are shown in 
the accompanying table ) The inclusion of all glucosides in a class is 
in a sense artificial* the character held m common (with very few 
exceptions) is that, on boiling with dilute acids, or, by the action of 
enzymes, hydrolysis takes place, and the glucoside is split up into 
glucose (or other sugar) and another organic constituent A number of 
compounds occurring as glucosides have already been dealt with, for 
example, the tannins and flavone, flavonol and anthocyan pigments, but, 
in these cases, the significance of the compounds lies rather m the 
nature of their non-sugar constituents than m the fact of their being 
glucosides 

There are, however, a number of glucosides which have been grouped 
together and are more readily classified in this way than in any other, 
Some of them, doubtless, have come into prominence as glucosides on 
account of their association with well-known and specific enzymes, as, 
for instance, the glucoside amygdalm associated with the enzyme emul- 
sm, and the glucoside smigrin with the enzyme myrosm. 

The hydrolyzing enzymes are by no means always specific, for %n 
vitro one particular enzyme may be able to hydrolyze several glucosides. 
Many glucoside-splittmg enzymes have been described, though there is 
no reason to suppose that each glucoside is only acted upon by an 
enzyme specific to that glucoside It is likely moreover that some of 
the different enzymes described will probably prove to be identical. 

In some cases where more than one monosaccharide is attached to 
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the glucoside, the different sugar groups are removed separately by 
different enzymes (sec later, emulsin, p 145) 

The glucosides as a whole (except flavone, flavonol and anthocyan 
pigments) aie colourless crystalline substances When extracting them 
from the plant, it is usually necessary to destroy the accompanying 
enzyme by dropping the material into boiling alcohol or some other 
reagent (see autolj^sis, p. 19) 

In Chapter v it has already been mentioned that cZ-glucose exists in 
two stereoisomenc forms, tlie a and the ^ form 

It was also pointed out that the glucosides can be classed either as 
a- or /3-glucosides, according to whether the a or the ^ form of glucose 


combines with the non-glucose residue. 
RO— C:^ 

H— Cc^R 



H— 



HO-C— H 

^0 




1 

H— C— OH 

1 

H— C— OH 



I I 

CH2OH CHyOH 

a-gliiGoside ^-glucoside 


Maltose, for instance, is regarded as an a-ghicoside of d-glucose. It 
has been further shown that the enzyme maltase can only hydrolyze 
a-gluGOsides, whereas other enzymes, e,g the prunase component of 
emulsm, only act on /3-glucosides. 

The various glucosides considered m detail m this chapter together 
with some others are grouped under the following headings (Arm- 
strong, 3) * 

Glucoside Plant m which commonly Products of hydrolysis 

found 


Coiliferin 

Alcohols 

(Coniforao, Uetu^ ^ 1 sparaguSj Uhicose 4- coniferyl alcohol 

Populin 

Seorzoyiera) 

{Popnlus) Glucose +saligenin 4 benzoic acid 

Populus) Glucose +aaligenin 

Salicin 

Syriiigin 

{Ligustnm^ Syringa^ Jasmi- Glucose + syriiigcnin 
mm) 

Amygdahn 

Aldehydes 

(Prwnws, Pyrus) Glucose 4 bonzaldohyde 4 prUssic 

acid 

{Sorghum) Glucose 4 parahydroxybenzaldehyde 

Bhurrni 

Lmamarm 

4 prussic acid 

{Linum^ Phcmolus) Glucose 4 acetone 4 prussic acid 
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Qlu coside 


Prulaurasin 

Prunasin 

Sambunignn 

Yicianm 


Gaultherin 

Stioplianthm 


Arbutin 

Hesperidin 

Naringm 

Phloridzin 


Aesciilm 

Fraxin 


Glucotrojiaeolin 

Smalbin 

Smigrm 


Apiin 

Isoquercitrin 

Lotusm 

Myncitrm 

Quercitrm 

Robmin 

Putin 


Cyanm 

Delphimn 

Malvm 

Oemn 

Peonin 

Pelargonin 


Aucubm 

DigitaJm 

Indican 


Plant in which commonly 
found 

{Prumfjs) 

{Gerasits, Prumib) 
{Samhucm) 

( Vtcta) 


Products of hydiolysis 
Aldehydes (cont ) 

Glucose + benzaldeliyde -f prussic 
acid 

Glucose + benzaldohyde + prussic 
acid 

Glucose H- benzaldeliyde + prussic 
acid 

Vicianoso + benzaldeliyde + prussic 
acid 


Acids 

{Gaultkeria^ Bpiraea) Glucose + methyl salicylate 

{Strophanthus) Mannose -1- rhamnose -1- strophanthi- 

din 


(Ericaceae) 

{Citrus) 

{Gitnti) 

(Rosaceae) 


Phenols 

Glucose 4- hydroqumone 
Glucose 4 rhamnose 4 hcaperetin 


(A esculus) 
{Framnus) 


Goumann derivatives 
Glucose 4 aesculetin 
Glucose 4 fraxetm 


Mustard-oils 

{Tro'paeoluin^ Lepidiim) Glucose 4 benzyl isothiocyanate 4 

potassium hydiogon sulphate 

{Brassica alha) i I Buli)hatG4 


{Brassica nigra) 


Uiucose 4 aiiyi isotniocyanate 4 
fiotassium hydrogen sulphate 


{Garum) 

{Gossypium) 

{Lotus) 

{Myrica) 

{Querous^ Fraxinus^ Thea) 
{Nohinia) 

{Ruta^ Oapparis^ Polygonum) 


Flavom and Jlavonol pigments 
Apiose 4 apigemn 
Glucose 4 quercetin 
Glucose 4 pi ussic acid 4 lotoflavin 
Rhamnose 4 myricetin 
Rhamnose 4 quercetin 
Rhamnose 4 galactose 4 kaempfoi ol 
Glucose 4 rhamnose 4 quercetin 


{Centaur ea^ Rosa) 
{Delphinium) 

{Malva) 

( Vitis) 

{Paeonid) 

{Pelargonium^ Gentaiirea) 


Anthocyan pigments 
Glucose 4 cyanidm 
Glucose 4 oxy benzoic acid 4 delphi- 
nidm 

Glucose 4 malvidm 
Glucose 4 oenichn 
Sugar 4 peomdin 
Glucose 4 pelargonidin 


{Aucuha^ Plantago) 
(Digitalis) 

( Indigofera) 


Various comtituents 
Glucose 4 auoubigenin 
Glucose 4 digitalose 4 digitaligemn 
Glucose 4 indoxyl 
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Cyanophoric Glucosides 

The chcaractenstic of these substances is that they yield prussic acid 
as one of the products of hydrolysis They are fairly widely distributed 
the following list (Greshoff, 15) includes most of the natural orders in 
which such glucosides occur Araceae, Asclepiadaceae, Berberidaceae, 
Bignomaceae, Capiafoliaceae, Celastraceae, Compositae, Convolvulaceae, 
Oiuciferae, Eiiphorbiaceae, Grammaceae, Leguminosae, Linaceae, 
Myrtaceae, Oleaceae, Passifloraceae, Ranimculaceae, Rhamnaceae, 
RosaceaCj Rubiaceae, Riitaceae, Saxifragaceae, Tiliaceae and Urticaceae 

Amygdalin. This is one of the most important of the cyanophoric 
glucosides It occurs in the seeds of the bitter Almond {Prunus 
Amygdalus) but it appears to be almost entirely absent from the sweet 
or cultivated Almond It also occurs m the seeds of the other species of 
Prunus — the Plum (P do^nestioa), the Peach (P Pe7^siccb\ etc. — of the 
Apple (Pyrus Malus) and the Mountain Ash (P. Aucupana) It occuis 
sometimes m loaves, flowers and bark 

By the action of an enzyme, originally termed emiilsm, which occurs 
in both the bitter and the sweet varieties of Almond, the glucoside is 
broken up as follows in two stages* 

+ HyO ” C(jHi20(j + Ci4Hi7NO(j 

mandelonitrile glucoside (iirimasin) 

C11H17NO0 + HyO = CflHiaOfl + HCN + CgHgCHO 

bonzaldehyde 

It should be noted that the sweet Almond contains einiilsin although 
it is almost entirely free from amygdalin. 

Recently (Armstrong, Armstrong and Horton, 8) omulsin has been 
shown to consist of two enzymes, amygdalase and prunase • amygdalase 
hydrolyzes amygdalin with formation of mandelonitrile glucoside and 
glucose, whereas prunase hydrolyzes mandelonitrile glucoside (prunasm) 
with formation of benzaldehyde, prussic acid and glucose On the basis 
of these reactions amygdalin is represented as, 

I o -i I 

CHaOH CHOH CH CHOH CHOH CH * O * CHaCHOH CH CHOH CHOH CH * O • CH 

I o 1 I 

CN 

Prunasin occurs naturally in the Bird Cherry (Cerasus Padus\ and 
it is found that prunase may exist in a plant, e.g. Cherry Laurel 
(P. Laurocerasus), which does not contain amygdalase. 

o. in 
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Prulanrasin (laurocerasin) is a glucoside occurring in the leaves of 
the Cherry Laurel (Pritmos Laurocerasus). It has been i^epresentcd as 
racemic mandelomtrile glucoside, prunasm being the dextro form 

Sambunigrm is a glucoside occurring in the leaves of the Elder 
{Sambticus mgra). It has been represented as laevo mandolonitrilc 
glucoside. 

When tissues containing cyanophoric glucosides and their corre- 
sponding enzymes are submitted to autolysis, injury, or the action of 
chloroform, hydrolysis takes place (see autolysis, p 19). A rapid 
method (Mirande, 17, Armstrong, 5) for detecting the prussic acid is to 
insert paper dipped in a solution of sodium picrate into a tube con- 
taining the plant material together with a few drops of chloroform. In 
the presence of prussic acid the paper becomes first orange and finally 
brick-red owing to the formation of picramic acid 

In addition to those previously mentioned there aie other Biitish 
plants, the leaves of which give oflF prussic acid on autolysis (presumably 
from cyanophoric glucosides), as for example the Columbnie {Aquilegia 
vulgaris), Arum (Arum maculatimi), Hawthorn (Crataegus Oxyacantha), 
Reed Poa (Glyceria aquatica), Bird’s-foot Trefoil (Lotus cormculatus), 
Alder Buckthorn (Rhammis Frangula), Black and Red Currant and 
Gooseberry {Rihes nigrum, R ruhrum, R Grossularia), Meadow Rue 
(Thahotrum aquilegifohum) and the Common and Hairy Vetches (Vicia 
satwa and V hirsuta) 

It has been shown (Armstrong, 7) that of the species L, cormculatus 
there is a variety (L uhginosus) (taller and growing in moister 
situations) which does not produce cyanophoric substances and hence 
does not give off prussic acid on autolysis. 

Evpt 140 Method of detection of cyanopli one glucosides in the plant Take three 
flasks in one put a whole leaf of the Cherry Laurel {Prunus Laurocerasus) . in the 
second a leaf which has been torn in pieces and then either pricked with a needle or 
pounded m a mortar in the third a leaf with a few drops of chloroform. Cork all 
three flasks, inserting with the corks a strip of sodium piorato paper (The paper m 
prepared in the following way. strips of filter-papei are dipped in a 1 o/q solution of 
picric acid, are then suspended on a glass rod and allowed to dry in air. Before 
using, the paper is moistened with 10 7o Bodium carbonate solution and is suspended 
111 the moist condition just above the material to be examined In the prosenoo of 
prussic acid, the paper first becomes orange-yellow, then orange and finally brick-rod ) 
In a short time the paper in the flask containing the leaf and chloroform will turn rod . 
in the flask with the injured leaf, the reddening will take place rather ^moro slowly, 
whereas in the case of the entire leaf, the paper will remain yellow 

The above experiment may also bo carried out, usually with success, on leaves of 
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the Oolumbiiie {Aquilegia viilgariB)^ the Arum (Amm maculatum) dnd plants of the 
Bird’s-foot Trefoil {Lotus cormculatus) also with bitter almonds and apple pips, and 
young shoots of Flax {L'mum 'pei enoie) In the case of the seeds, these may be used 
crushed, both luth and without chlorofoim, the uninjured seed being used as a 
control. 

Expt 141 eparation of amygdahn Weigh out 100 gms of bitter almonds 
Remove the testas by immersing them for a short time in boiling watei Then 
pound up the almonds well in a mortar and transfei to a flask Add about 
200-300 cc of other and allow the mixture to stand foi 2-12 hours Filtei off the 
ether and extract again with fresh ether The greater part of the fat will be removed 
m this way Then dry the residue fiom ethex and, as rapidly as possible, extract 
twice or three times with boiling 90-98 ^/q alcohol which removes the amygdalm 
The residue, after ether extraction, contains both amygdalm and emulsin, and, if 
allowed to stand, the emulsin will hydrolyze the amygdalm hence the necessity for 
rapid extraction with alcohol Evaporate the filtered alcoholic extract on a water- 
bath or, better, distil in vactio to a small bulk Then add an equal volume of ether 
and allow the mixture to stand for a time The amygdalm separates out on standing 
Filter off the precipitate, dissolve in a little hot water and allow to crystallize in a 
desiccator 

Expt 142 Preparation of eimdstn (Bourquelot, 10) Weigh out 25 gms of 
sweet almonds (Bitter almonds can also 1)0 used The sweet variety is pieferablo , 
since from thorn the emulsin can be more readily pieparod free from amygdalm ) 
Plunge them for a moment into boiling water and remove the testas Pound 
thoroughly in a mortar, and extract the bulk of the oil with ether as in the last 
experiment Then grind up the residue with 50 c c of a mixture of equal jiarts of 
distilled water and water saturated with chloroform and allow the whole to stand 
for 24 hours. Filter by means of a filter-pump, and to the filtrate add glacial 
aootic acid (1 drop to 15 c c of the filtrate) whereby the iirotcm is precipitated 
Again filter, and to the filtrate add 3-4 times its volume of 96-98 % alcohol. The 
emulsin is deposited as a white precipitate. Filter off the prccqiitatc and dissolve it 
m about lOOc.c of cold distilled water 

EirpU 143 (a) To demonstrate the hydrolysis of amygdalm hy emulsin Into 
each of two flasks put 50 c c of a 1-3 % solution of amygdalm. To one flask add 
25 c c of the omuism solution prepared in the last experiment To the other flask 
add 25 o c of enzyme solution after it has boon well boiled, and again boil the 
mixtuio after adding the enzyme Fit each flask with a cork and sodium picrato 
paper The paper in the flask containing the unboiled enzyme will rapidly turn red, 
the control remaining yellow. Unless both the enzyme and the amygdalm solution 
are well boiled in tlio case of the control, the paper may show reddening in time on 
account of traces of prussic acid present in both solutions 

{h) Simplified method for extraction of amygdalm and emulsin^ and demonstra- 
tion of hydrolysis of amygdalin hy emulsin. Take 12 bitter almonds. Remove the 
testas by immersing them for a short time in boilmg water. Then pound up the 
almonds well m a mortar and transfer to a flask. Add about 60 c c of alcohol and 
heat to boiling on a water-bath. Filter ofl* the extract, and evaporate it to dryness 
on a water-bath. The residue will contain amygdalin 
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Take six sweet almonds and remove the testas as before Pound in a mortar and 
transfer to a flask Add a little ether and allow to stand for a short time Pour off 
the ether, and add a little more which should again be poured off This removes some 
of the fat and makes extraction of the emulsm easier Then extract the residue 
with about 40 ec of distilled water and filter The filtrate contains the enzyme 
emulsm 

Take 10 c e of the emulsm solution, and divide it into two portions m two test- 
tubes Boil one \oell (see Expt 143 a), and to both add equal quantities of a water 
extract of the amygdahn prepared above Cork the tubes and insert picric paper 
with the cork in each case 

It has been found, as previously mentioned, that emulsm can 
hydrolyze other glucosides, as for instance, salicin (see pp. 48, 152) On 
hydrolysis, salicm splits up into salicylic alcohol (saligenm) and glucose. 
Salicin, itself, gives no colour with ferric chloride but saligenm gives a 
violet colour, and by means of this reaction the course of the hydrolysis 
can be followed 

Eoept 144 To demomtrate the hydrolysis of sahew hy emulsm To 10 c c of a 
1 % solution of salicin m a test-tube add 10 c c of the emulsm solution prepaied iiii 
Expt 142 or 143 As a control boil in a second test-tube another 10 c c of the 
emulsm solution and add 10 c c of saliom solution After about an hour, add to 
both test-tubes a few c c of strong ferric chloride solution A purple colour will be 
given m the first test-tube but no colour in the control The process of hydrol;;y sib 
will be accelerated by placing the tubes m an incubator 

A modification can be made as follows A second pair of test-tubes should 
be prepared as before and to both sufficient ferric chloride should be added to give a 
faint yellow tinge The unboiled mixture will gradually acquire a purple colour at 
ordinary temperature. 

Other cyanophoric glucosides are dhurrin, phaseolimatm (linamarin), 
lotusm and viciamn 

Dhurrm occurs in seedlings of the Great Millet {Sorghum mlgare) 
On hydrolysis it yields glucose, prussic acid and parahydroxybenzalde- 
liyde (CgHi • OH CHO). It is hydrolyzed by emulsm 

Phaseolunatin occurs m seeds of the wild plants of Phaseolus 
lunatus and in seedlings of Flax {Linuiri), It is associated with an 
enzyme which hydrolyzes it into acetone, glucose and prussic acid. 

Lotusin occurs in Lotus arahicus On hydrolysis by an accompanying 
enzyme (lotase) it gives glucose, prussic acid and a yellow pigment, 
lotoflavin. 

Vicianin occurs in the seeds of a Vetch {Vioia angustifolia). It is 
hydrolyzed by an accompanying enzyme into prussic acid, benzaldehyde 
and a disaccharide, vicianose. 
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Mustard-oil Gluoosides 

These are glucosidcs containmg sulphur and they have been found 
chiefly among the Cruoiferae. Sinigrin and smalbm, the glucosides of 
mustard, have been most investigated 

Sinigrm. This glucoside occurs in the seed of Black Mustard 
(Brassica mgra) and other species of Brassica. Also in the root of the 
Plorsc-radish (Goclilearia Armornaia) Sinigrin is hydrolyzed by the 
enzyme, inyrosin (Guignard, 16, Spatzier, IS) (which occurs in the 
plant together with the glucoside), into allyl isothiocyanate, potassium 
hydrogen sulphate and glucose 

CioHioOciNSoK + H^O = OjHoNCS + C„Hii,0„+ KHSOj 

Eiopt 145 Eit^actio')} of t,uugrm fiom Blavl Mustard Weigh out lOOgms of 
Black Mustard weed, Gruul tho seed in a coffco-iiiill and afterwards pound in a 
mortar Heat 175 c c of 85 % alcohol to boiling in a flask on a water-bath and add 
fcbe pounded uiiistard, and after boiling about \ hour, Biter and pi ess out the alcohol 
Then put the dried cako <if residue into 300 c c of water and allow the mixture to 
stand for 12 hours Pi ess out the liquid and after Bltoiing and neutraliKuig with 
barium carbonate, conconiivite m varuo to a syrup Then extract with 90% alcohol 
and Bltei On concentrating and exposing in a crystallizing dish, tho siuigrm 
separates out in Avlnto needles 

Smalbm occiii-s in tho seeds of White Mustard (Swapis alha) By 
myrosui it is hydrolyzed to j9-hydroxybenzylisothiocyanate, acid sinapin 
sulphate and glucose 

C,oH4aOioNaSa + ^ CqH^,:,Oq + C^HyONCS + Ci,,H240fiNHS04 

Erept 140 EHractionof smatlmi from White Mu^stard Weigh out 100 gms of 
White Mustard seed Grind and pound well and extract tho fat with ether Then 
extract with twice its weight of 85-90 % alcohol several times and well pi ess out tho 
alcohol Tho extract is evaporated to half its bulk and filtered. On cooling tho 
sinalbin separates out in (ays tabs 

Expt 147 Preparation of onij rosin. Weigh out 50 gms. of White Mustard seed and 
grind in a cofibo-imll Add 100 oc of water and allow the mixture to stand for 
12 hours Then filter and allow tho Blbrato to run into 200 c.o. of 95-98 % alcohol 
A white procixntato is formed which contains the myrosin Filter off tho xireoqntate 
and wash on the filter with a little other 

Expt 148 Action of myrosin on sinigrin Put into two test-tubes equal quantities 
of a solution of tho sinigrin xiroparod in Expt. 145. Dissolve some of the inyrosin 
prepared in the last exiierinient in water and divide tho solution into two xiaris 
Heat one x>ari to boiling and then add the two portions respectively to tho two test- 
tubes of simgxnn Plug botli test-tubes witli cotton-wool. After about ^ hour a 
strong pungent smell of mustard oil, allyl isothiocyanate, will bo detected in the 
unboiled tube. 

A more Simnlo method of demonstrfltni<y +bpk notion of mvmciin iq aa follows 
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Pound about 5gms of Black Mustard seed m a mortar and then boil with water 
Some mustard oil will be formed before tbe myrosin is destroyed, so iliat boiling 
should be continued until no pungent odour can be detected Then filter and cool 
the solution and divide into two parts To one add some myrosm solution To the 
other an equal quantity of boiled enzyme solution After hour the smell of allyl 
isothiocyanate should be detected in the unboiled tube. 

Saponins 

These substances are very widely distributed, being found in the 
ordeis Araltaceae, Capiifoliaceae, Oombretaceae, Compositao, Ciicurbi- 
fcaceae, Graminaceae, Guttiferae, Lecythidaceae, Lcgummosac, Liliaceae, 
Logamaceae, Magnoliaceae, Myrtaceae, Oleaceae, Pipcraceao, Pitto- 
sporaceae, Polemomaceae, Polygalaccae, Primiilaceae, Protcaceae, 
Ranunculaceae, Rhamnaceae, Rosaceac, Rutaceae, Saxilragacoae, 
Thymelaeaceae and the majority of the orders of the cohort Centro- 
spermae On hydrolysis with dilute mineral acids the saponins yield 
various sugars — glucose, galactose, arabinose, ihamnoso— together with 
other substances termed sapogenms 

The saponins are mostly amorphous substances readily soluble 
in water (except in a few cases) giving colloidal Holiitions These 
solutions froth on shaking, and with oils and fats they produce very 
stable emulsions By virtue of this property they have been used as 
substitutes for soap The Soapwort {Saponaria) owes its name to the 
fact that the root contains a saponin 

CoUMARIN GlUCOSIDES 

These substances are hydroxy derivatives of coumarin, which itself 
may be represented as 

CH=CH— CO 



Aesculm is one of the best known of these glucosidos. It occurs in 
the bark of the Horse Chestnut {Aesoidus BippoGastanum). On hydro- 
lysis with dilute acids it yields glucose and aesculctni, the latter being 
represented as 

CH=:CH— CO 



r\u 
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Aesciilin is characterized by giving in water solution a blue fluor- 
escence which can be detected even m great dilution. The fluorescence 
IS increased in alkaline, and decreased in acid, solution. 

Expt 14.9 Demon&t) ation of the fresenee of aemdin in Aesciilus hark Strip off 
the bark from teomo young twigs of Aesculns and boil in a little water in an evaporating 
dish Filter and pour the filtrate into excess of water in a large vessel A blue 
fluorescent solution will he formed. 


Glucosjdjss of Flavone, Flavonol and Anthocyan Pigments 
Those substances have already been consideiod in Chapter vii 


Glucosides of vakious Composition 


Coniferin This glucoside occurs in various ineinbors of the Coniferae 
and also in Asparagus On hydrolysis with mineial acids or cmulsm, it 
breaks up as 

CH = CHCHaOH 




Coinfcrin 


HjO = + 


\yooH, 


OH 


Goniforyl alcohol 


Arbutin This glucoside is found m the leaves of the Bearberry 
{Arctostap>hylos Uva-urs%), Pyioki, ViiGCimum, Wiid other Ericaceae and 
also of the Pear (^Pyrm cominuins). 

On hydrolysis with acids arbutin yields hydroqumone and glucose 


GitjHjoO^ + HoO - C^jH^Oo + 

the same hydrolysis is brought about by the enzyme emnlsm. 

It has been suggested that the darkening of leaves of the Pear 
(Bourquelot and Fichtcnholz, 11, 12, 13) either onautolysis or injury, or 
at the fall of the leaf, is duo to the hydrolysis of the aibutin by a gluco- 
side-splitting enzyiiui in the leaf, and subsequent oxidation of the 
hydroquinonc so formed by an oxidase. 


Expt 150. Extraction of arhutm from leaves of the Pear (Pyrus commiimH) 
Weigh out 100 gms. of fresh leaves (without petioles) Tear the leaves mto small 
pieces and drop them as cpiickly as possible into about 500 cc of boiling 96-98 
alcohol m a flask Boil for about 20 imns., adding more alcohol if necessary Then 
filter off' the alcohol and pound up the loaf residue m a mortar and extract again with 



152 


GLUOOSIDES AND 


[CH. 


boiling alcohol Filter and distil off the alcohol from the extiact m mouo Extract 
the residue with 100-200 c c of hot water and filter Warm the hltiato and precipitate 
with lead acetate solution until no moi e precipitate is formed This removes flavones, 
tannins, etc but the arbutin is not precipitated Filter and pass sulphuretted hydrogen 
into the filtrate to remove any excess of lead acetate Filter and concentrate the 
filtrate v)i vacuo to a syrup Then extiact twice with small quantities of ethyl acetate. 
Concentiate the ethyl acetate on a watei-bath and cool A mass of crystals of arbutin 
will separate out This should be filtered off on a small filter, and r eery stalli seed from 
ethyl acetate Take up a little of the purified glucosido in watei and add dioji or 
two of feme chloiide solution A blue coloration will be given 


Salicm This substance oecuis m the bark of various species of 
Willow {Sahx) and Poplar {Popvlus) also in the flower-buds of the 
Meadow-Sweet {Spiraea Ulmaria) On hydrolysis with acids, or on 
treatment with emulsm, salicin is decomposed into sahgeiiin oi salicylic 
alcohol and glucose 

+ HgO = CcH^OH * CH.pH + 

Saligenin gives a violet colour with ferric chloride solution and in this 
way the progress of the reaction can be demonstrated (see also p 148) 


Indican (see also p 115) This glucoside occurs in shoots of the 
so-called “Indigo Indigofeixt Anil, I ereota, I tiiiGtoria,! siima- 

traiha also in the Woad {Isatis tinotoria), in Polygonum tinotorium and 
species of the Orchids, Phagus and Galanthe When boiled with a.cid or 
hydrolyzed by an enzyme contained in the plant, it gives glucose and 
indoxyl 




-C'O CjHiA 




-C*OH 


-h H,0: 


\ ^ CH 


+ CjjH.qOjj 




Indican 


Indoxyl 


The colourless indoxyl can be oxidized cither aitificially or by an 
oxidase contained in the plant to a blue product, indigotin or indigo 




-C*OH HO-C 

+ 2o + 


Js. ^ CH 

%/^nh/ 

Indoxyl 


A 

= 2HaO + 


Indoxyl 


VA, 


-CO 00 

=1 


-A 


NH 






Indigo’ 
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CHAPTER X 

THE PLANT BASES 


There are present in plants a number of substances which form 
group, and which may be termed nitrogen bases, or natural bas( 
These substances are of various constitution but they have the proper 
in common of forming salts with acids by virtue of the presence 
primary, secondary, or tertiary amine groupings Such groupings conf 
a basic property upon a compound and, as a result, salts are forim 
with acids on analogy with the formation of ammonium salts 

NH3+HCI = NHiCI(NHj hci) 

CH3NH2+ HCI = CH3NH2 • HCI 
metliyUmine 

(CH3)2 NH -f hci = (CHg)a NH • HCI 
dimethylamine 

(CHg)^ N + HCI = (CH3)3 N HCI 
trimothylamine 

The hydrogen atoms of ammonia can also be leplaced by groups 
greatei complexity, as will be seen below. 

Complex ring compounds in which nitrogen forms part of the rii 
are termed heterocyclic, such as the alkaloids, purines and some amiiii 
for instance pyrrolidine (see below) 

The plant bases can be conveniently classified into four groups ai 
this IS also to a large extent a natural grouping. Th(>y are* 

2 bXTgs} Simpler natural bases. 

3 Alkaloids 

4. Purine bases. 

The first two groups have been termed the simpler natural has 
They are much more widely distributed in the vcgelabhi kingdom th 
‘ the alkaloids and purins, since they have probably much more significar 
in general metabolism The isolation of the simpler bases is a matter 
much greater difficulty than that of the alkaloids, the former are solul 
in water but insoluble m ether and chloroform, and so are not read 
separated from other substances The alkaloids, however, occur in t 
plant as salts of acids and if the plant material is made alkaline the fi 
bases can be extracted with ether or chloroform 
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The betaines aie amino-acids in which the nitrogen atom is com- 
pletely methylated, and, with one or two exceptions, this grouping does 
not occur in the true alkaloids The betaines have only feebly basic 
properties. 

The alkaloids, in contrast to the simpler natural bases, are rather 
restricted in their distribution, many being limited to a few closely 
related species or even to one species 

The j)urino bases arc a small grqup of substances intimately related 
to each other and to uric acid 


Amines 

Methylamme, CHj . NH2, occurs in the Annual and Perennial Dog's 
Mercury {Mercimahs annua and M perennis) and in the root of the 
Sweet Flag {Acorm Galamus) 

Trimethylamme, (OHj);? N, occuis m leaves of the Stinking Goose- 
foot {Chenopodium Vulmria), in flowers of the Hawthorn (Grataegus 
Oxyacantha) and Mountain Ash {Pyrus Aucuparia), and ni seeds of 
Mercurialis anniia 


Putreseme, NHa (CH2)4 NPI3, occurs in the Thorn Apple (Datum) 
and tetramethylputrcscme in a species of Henbane (Hyoscyamus 
muticus) 

Hordenme occurs in germinating Barley grains It is represented 
as 


HO 


CHa CHo*N(CH5)y 


Pyrrolidine is said to occur in small quantities in leaves of the 
Carrot (Daucus Garota) and Tobacco (Nicotiana) leaves It is repre- 
sented as 

CHy CHa 

I I 

CHa CHjj 


Other aminos occur among the lower plants (Fungi). 

Choline is sometimes classified with the betaines. It is however 
intimately connected with the phosphatides (compounds of the fatty 
acids with phosphoric acid and nitrogen) which is not the case with the 
betaines. It may be represented as: 

.OH 

^CHa • CH2OH 
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Cliolme IS very widely distributed in plants It is a constituent of the 
phosphatide, lecithin, and is probably thereby a constituent of all living 
cells. It has been found in seeds of the Bean {Vioia Faba), Pea (Pisum 
sativum), StT'oplianthus, Oat (Avena sativa), Cotton (Grossypvnm her- 
haceum), Beech (Fagus sylvatica), Fenugreek {Trigonella Foenwm^ 
yraecum) and Hemp {Oamahis sativa) in seedlings of Lupins, Soy 
beans, Barley and Wheat in Potatoes and Dahlia bubors and in the 
subterranean paits of Cabbage (Brassica napus), Artichoke (Hehanthus 
tiihe'i osus), SooTzonera Mspamca, Chicory {Cichorium Tntybus), Celery 
(Apium graveolens) and Carrot {Daucus Oarota) aeiial parts of Meadow- 
Sage (Salvia pratensis) and Betony (Betonica offioinaUs), and many 
other tissues It can only be isolated in very small quantity 


Betaines 


The betaines, as previously stated, are ammo-acids m which the 
nitrogen atom is completely methylated Most betaines crystallize with 
one molecule of water, thus betaine itself in this condition probably has 
the following constitution, from which its relationship to glycine or 
aminoacetic acid is indicated 
.OH 


XHg COOH 


HoN-CHo COOH 


Betaine oi hydroxytnmethyl- xAiniuoacGtio acid 

aminoacetic acid 


When dried above 100° G , the betaines lose water and are leprosonted 
as cyclic anhydrides, thus betaine becomes 

, , 

(CHj), N CO 

The individual betaines, probably on account of thoir close connexion 
with proteins, are more widely distributed than the individual alkaloids. 
Further investigation may show an even more general distribution of 
betaines. 


Betaine or trimethylglycine occurs m all species of Ohenopodmeuae 
so far examined including the sugar Beet {Beta vulgaris) from which it 
derives its name, in some genera only of the Amarantaceao ; in the “Tea 
Plant ” {Lyevum harharum) m seeds of Cotton ( Gossypium herhaoeum), 
Sunflower {Hehanthus annuus) and Oat {Avena sativa) in tubers of 
Artichoke {Hehanthus tvberosus), shoots of Bamboo {Bamhusa), leaves 
of Tobacco {Nvcotiana Tahacum) and in malt and wheat germs. 
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Stachydrme, though a betaine, is included by most writers among 
the alkaloids, and this classification has been followed here (see p. 161 ), 
it IS probably a derivative of proline (see p. 121). 

Betomcme, C7H1.JO3N, is also, like stachydrme, found in the Betony 
(Betomca offioinahs) It is a derivative of oxyprolme 

Hypaphorme or trimethyltryptophane, Ci4Hi802N’2, occurs in the 
seeds of a tree, E^'ytlinna Hypajohorus, which is grown for shade in 
Coffee plantations 

Trigonelline, like stacliydrine, is usually classed with the alkaloids 
(see p 160 ) but it should probably be included among the betaines on 
account both of its structure and of its Avide distribution 

Other betaines, trimethylhistidine, ergothioneme, occur in the 
Fungi 


Alkaloids 

The plant alkaloids, so-called because of their basic jiroperties, have 
attracted considerable attention on account both of their medicinal 
properties and, in many cases, their intensely poisonous character They 
wore also the plant bases' to be first investigated. As previously men- 
tioned they are not widely distributed, some being, as far as is known, 
restricted to one genus, or even species. Moi-eover, several closely 
related alkaloids are frequently found in the same plant. The orders in 
which they largely occur are the Apocynacoae, Leguminosae, Papa- 
veraceao, Banunculaceae, Rubiaceae and Solanaceae. 

The alkaloids may be present m solution in the cell-sap in the 
young tissues, but in older and dead tissues they may occur in the solid 
state 5 they may be found throughout the plant or more abundantly in 
the seed, fruit, root or bark (quinmo) 

The alkaloids are, as a rule, insoluble m water, but soluble in such 
reagents as alcohol, ether, chloroform, etc. The majority are crystalline 
solids which arc not volatile without decomposition, but a few, for 
example coniinc, nicotine, which contain no oxygen, are volatile liquids 
The alkaloids occur m the plant as a rule as salts of various organic 
acids, such as malic, citric, succinic and oxalic, and sometimes with an 
acid peculiar to the alkaloid with which it is united (e.g. quinic acid m 
quinine and meconic acid in opium). Artificial salts, i.e. sulphates, 
chlorides and nitrates, are easily prepared and are readily soluble m 
water, and from those solutions the free base is precipitated again on 
addition of alkali 



158 THE PLANT BASES [gh. 

The alkaloids themselves belong to various classes of compounds, 
though the basic character always preponderates. Thus, for example, 
pipenne is an amide and can be hydrolyzed into the base piperidine 
and piperic acid atropine is an ester made up of the base tropine and 
tropic acid 

Various methods are employed for the extraction of alkaloids but 
the exact course of events depends on the alkaloid in question. On the 
whole the method is either to treat the plant material with alkali and 
then extract the fiee alkaloid with ether or chloroform and finally purify 
by making a salt again , or to extract the alkaloid from the plant with 
dilute acid, set free the insoluble, or difficultly soluble, base with alkali, 
and then prepare a salt of the base 

Though individual alkaloids have distinctive reactions, the group as 
a whole has certain reactions in common, namely the precipitation by 
the so-called “ alkaloidal reagents These reagents are tannic, phospho- 
tungstic, phosphomolybdic and picric acids, also potassium-inercurio- 
lodide solution and iodine in potassium iodide solution 

Expi 151 General 'reactions oj alkaloids Make a 05 % solution of quinmo 
sulphate in warm water and add a few drops of each of tlie following reagoiits 
(a) Tannic acid solution A white precipitate is formed 

(5) Mercuric iodide in potassium iodide solution [Brucke’s roagont 50 gins of 
potassium iodide m 500 c c water are saturated with mercuric iodide (120gms ) and 
made up to 1 litre] A white precipitate is formed 

(c) Phosi:)hotungstic acid (50 gms of phospliotungstic acid and 30 ex. of cone sul- 
jihuric acid are dissolved in water and made up to a hire) A white precipitate is formed 
{d) Iodine m potassium iodide solution A brown precixutato is fonuod. 

(e) Picric acid solution A yellow precipitate is formed 

Ex-pt 162, Extraction of the fi ee base fi'om quinine sidphate Add strong sodium 
caibonate solution drop by drop to some of the quinine sulphate solution until a 
white precipitate of quinine is formed Then add ether and shako up in a separating 
funnel The iirecipitate will disappear as the quinine passes into solution in the ether. 
Separate off the ethereal solution and let it evaporate ui a shallow dish The quinine 
IS deposited Take up the quinine again in dilute sulphurie acid and tost the solution 
with the alkaloidal reagents 

The alkaloids are classified into five groups according to the nucleus 
which constitutes the mam structure of the molecule. These five groups 
are 

1 The pyridine group 

2 The pyrrolidine group. 

3. The tropane group. 

4 The quinoline group. 

5 The isoquinoline group. 
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Pyridine Pyrrole Tropane Qtimoline 



Iwoqiunoline Pyrimidine Immazole Purine 


1. The 2^yTidine alkaloids 

These aie, as the name implies, derivatives of pyridine. (Pyridine 
IS a colourless liquid which boils at 115^^0 It is a strong base and 
forms salts with acids) 

CH 

CH CH 

II I 

CH CH 
N 

Pyridine 

The more important members of this group are. arecoline, coniine, 
nicotine, pipeline and trigonelline. 

Arecoline occurs in the “ Betel Nut which is the fruit of the Areca 
Palm {Areca Oatechu), 

Coniine occurs in all parts of the Hemlock {Conium macidatum), 
but more especially in the seed. 

Nicotine occurs in the leaves of the Tobacco plant {Nicotiana 
Tahacmi). It is a colourless oily liquid which is intensely poisonous. 
Its constitution may bo represented as . 

CH CHa-^-CHa 

I i 

CH C— CH CHa 

I II \/ 

CH CH N 

\/ \ . 

N_ CH,.^ ■*, 

It is readily soluble m water and organic solvents. 
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Ex^t 153 Extraction and reactions of nicotine Weigh out 100 gms of plug 
tobacco and boil up the compressed leaves with water in an evaporating djsh or in a 
saucepan Filter off the extract and concentrate on a watei-bath The concentrated 
solution IS made alkaline witli hxne and distilled from a round-bottomed flask fitted 
with a condenser, the flask being heated on a sand-bath The distillate has an un- 
pleasant smell and contains nicotine m solution Test the solution with the alkaloidal 
reagents employed m Expt 151 A precipitate will be obtained in each case 

The nicotine can be obtained from solution m the following way. Acidify the 
aqueous distillate with oxalic acid and concentrate on a water-bath Make the con- 
centrated solution alkaline with caustic soda, pour into a separating funnel and shake 
up with ethei. Separate the ethereal extract and distil off the cthei The nicotine 
is left behind as an oily liquid which oxidizes in an and turns brown The alkaloid al 
tests should be made again with the extracted nicotine 

Piperine occurs in various species of Pepper {Piper nigrum) The 
fruit, which is gathered before it is ripe and dried, yields a black 
pepper, but if the cuticle is first removed by maceration, a white pepper, 
Piperme is a white solid which is almost insoluble m water but soluble 
in ether and alcohol 

Expt 154, Extraction and reactions of pipeline Weigh out 100 gms of black 
pepper. Put it into an evapoiating dish, cover well with lime-water and heat with 
constant stirring for 15-20 minutes Then evapoiate the mixture completely to 
dryness on a water-bath Grind up the residue in a mortar, j)ut it into a thimble 
and extract with ether in a Soxhlet Distil ofip the ether and take up the residue in 
hot alcohol from which the pipeline will crystallize out With an alcoholic solution 
make the following tests 

{a) Add the alkaloidal reagents mentioned in Exjit 151 and note that a pre- 
cipitate IS formed m each case 

(6) Pour a little of the solution into water and note that the piporino is pre- 
cipitated as a white jorecipitate 

(c) To a little solid piperine in a white dish add some concentrated sulphuric 
acid It dissolves to form a deep red solution 

Trigonelline occurs in the seeds of the Fenugreek {Trigonella 
Foenum-graecum), Pea {Pisum sativum), Bean {Phaseolus vulgaris), 
Strophanthus hispidus, Hemp {Cannabis sativa) and Oat {Avena sativa). 
It is also found in the Coffee Bean {Coffea arabica), in tubers of 
Stachys tuberifera, Potato and Dahlia and in roots of Scorzonera Impanica, 
It is really a betaine (see p 157). 

2. The pyrrolidine alkaloids. 

These are derivatives of pyrrolidine, of which the mother substance 
is pyrrole. (Pyrrolidine is a liquid boiling at 91° C. It is a strong base 
and forms stable salts with acids.) 
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CH— CH 

CH„— CHa 

il II 

1 ■ 1 

CH CH 

CH, CH, 

\/ 

V / 

NH 

NH 

Pyrrole 

Pyrrolidine 


These alkaloids form a small group containing * 

Hygrme and cuskhygrine which occur in Ooca leaves {Erythroocylon 
Coca) 

Stachydrme which occurs in tubers of Stachys tiiherifera and leaves 
of the Orange Tree {Oitrus AiiranUam) and m various other plants 
{Betomoa) The formula is 

CHa— CHa 

I I 

CO— CH CHo 

I X 

O N (CH^% 

from which it is seen that it is really a betaine (see p 157) 

3. The tropane alkalo%ds. 

These are derivatives of tropane, which may be regarded as formed 
from condensed piperidine and pyrrolidine groupings. (Tropane is a 
liquid boiling at 167'' 0) 

CHo 

/ \ 

CHa CHo 

I I “ 

> CH CH 

\ / 

NCH3 

CHa— CHa 
Tropane 

The alkaloids ia this group arc limited to four natural orders and 
are as follows . 

Solanaoeae. Atropine occurs m the root and other parts of the 
Deadly Nightshade (Atropa Belladmma), the Thorn Apple [JDatura 
Stramonium) and Scopolia japonioa. Atropine may be represented as 
CH— O— CO— CH • CH2OH 

/ \ I 

CH3 CHa C„H5 

I I 

CH CH 

\/ 

NCHj 


CHj— CHj 
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Hyoscyamme occurs in the Henbane {Hyoscyamus mger), H, 
muttcus and also in the Mandrake {Mandragora) 

Erythroxylaceae Cocaine and tropacocaine occiu m Coca leaves 
(Erythroxylon Coca) together with smaller quantities of allied alkaloids. 
Cocaine has the formula 

H OCOC.Hg 

\/ 

C 

/ \ 

CK> CHCOOCH3 

I “ I 

CH CH 

\ / 

NCH, 

CHa— CHa 

Pumcaceae Pelletierme and other allied alkaloids occur in the root 
and stem of the Pomegranate Tree (Punicct Qranatum) 

Legummosae Sparteine occurs in the Broom {Spartmm scoparium): 
lupmxne in the yellow and black Lupins {Lupinus luteus and L, mger) 
and cytisine in the Laburnum {Gytisus Laburnum) 

4 The quinohne alkaloids 

These are deiivatives of quinoline. (Quinoline is a colourless liquid 
which boils at 239° C ) Its constitution is 

CH CH 

^ \/ \ 

CH C CH 

I II I 

CH C CH 

\ /\ ^ 

CH N 
Quinoline 

These alkaloids form two natural groups, (a) the cinchona alkaloids, 
1 6 quinine, cinchonine and allied forms, and (6) the strychnine alkaloids, 
i.e. strychnine and brucine. 

Quinine occurs in the bark of various species of the genus Oimhona 
(Rubiaceae) which are trees, originally natives of S America, but now 
cultivated on a large scale in Ceylon, Java and India The species 
employed are C Gahsaya, Ledgeriana, officinalis^ succirubra. The yellow 
bark of Calisaya has the highest percentage, 1 e. 12 of alkaloid. 

Quinine is a white solid which crystallizes in long needles containing 
water of crystallization. It is very slightly soluble in cold water, more 
BO in hot but readily soluble in alcohol, ether and chloroform. With 
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acids it forms salts, which are soluble in water, the sulphate being 
commonly employed in medicine Quinine is said to have the following 
constitution 

Ci„H,5(OH)N 



N/X/ 

Expt 155 Ext'} action and reactions of quinine Mix 20 gms of qiiicldiilie with 
200 c c of water in a basin and then add 100 gms of powdei’ed Cinchona baik. Stir 
together well and then dry the mixture thoroughly on a watei-bath, taking care to 
powder the lumps The dried mixture i>s then extracted in a Soxhlet apparatus with 
chloroform The chloroform extract is then shaken up in a seiiarating funnel with 
25 c c of dilute sulphuric acid The chloroform layer is run off and again extracted 
with water. The sulphuric acid and water extracts are mixed together and neutralized 
with ammonia The liquid is evaporated on a water bath until crystals of quinine 
sulphate begin to sexiarate out With the quinine sulphate the following tests should 
be made (It is better to use a solution of the hydrochloride prepared by adding a 
few drops of hydrochloiio acid to the sulphate solution) 

{a) Test with the alkaloidal reagents of Expt 151 

(5) Add to a little of the solution some bromine watei and then some ammonia 
A green precipitate is formed which gives a green solution with excess of ammonia 
(<?) Dissolve a little of the solid quinine suli)hato in acetic acid and pour into a 
large volume of water A blue opalescence is produced which is characteristic of 
quinine 

Cinchonine occurs together with quinine in Cinchona bark It is 
very similar in constitution to quinine, the latter being methoxy- 
cinchonine 

Strychnine and brncine occur m the seeds of Nux Vomica {Stry oh- 
ms Nux-vomica) and St Ignatius’ Bean {8. Ignatu). 

Expt 156 Tests for strychnine. Add a little concentrated sulphuric acid to a 
small quantity of strychnine 'in an evaporating dish and then add a small amount 
of powdered potassium bichromate A violet coloration is produced which changes 
to red and linally yellow. 

Curarine, the South American Indian Arrow poison, occurs in 
several species of Stryohnos (S tocoifera and others). 

5. The isoquimUne alkaloids. 

These can be divided into two groups* (a) the opium alkaloids and 
(h) the berberme alkaloids ” 

The opium alkaloids again fall into two classes: (1) the papaverine 



164 THE PLANT BASES [ch. 

group which includes papaverine, laudanosine, narceine, narcotine 
and others, and (2) the morphine group including morphine, apomor- 
phine, codeine, thebaine and others 

Opium IS the dried latex obtained by making incisions m the cap- 
sules of the Opium Poppy {Papamr sommferum) 

Allied to the papaverine group is hydrastme which occurs m the 
root of Hydrastis canadensis (Ranunculaceae) 

The constitution of all these alkaloids is very complex 

Expt 157 Tests for moijphine 

{a) Add a little ferric cliloride solution to a solution of a mox'i)huie salt. A deep 
blue coloration is formed 

(6) Dissolve some morphine in concentrated sulphuric acid and then after 
standing about 15 hrs add concentrated nitric acid A deep blue- violet colour is 
produced -which afterwards changes to led 

Berbenne occurs in the root of the Barberry {Berheris vulgaris) and 
IS also found in isolated genera in Anonaceae, Menispermaceae, Papa- 
veraceae, Ranunculaceae and Rutaceae 

Corydaline occurs in Gorydahs cava (Fumanaccae) 

Many other alkaloid substances have been isolated from a large 
number of different plants, but since the constitution of most of them 
IS unknown, they have not been classified 


PxjEiNE Bases 

These substances, as indicated, have a heterocyclic ring structure 
and are derivatives of purine, the atoms of the ring are numherod in 
the order indicated below 

N=CH 

I I 

HC C~~NH 

i| 

ii y 

N-— C— N 
Puime 

Purine itself is a crystalline basic compound (m. p. 211-212° 0.} 
which forms salts with acids It is composed of two rings, the pyrimi- 
dine and the iminazole the latter grouping also occurs m histidine 
(see p. 121) 


I 1 

“C “C— 

I II >c» 

‘N — 'C — 
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The chief purine bases which occur m plants are xanthine^ caffeine, 
theobromine, guanine, hypoxanthme and adenine 

Xanthine may be regarded as 2, 6-dioxypurine 

HN— c=o 

I I 

O-^C C— NH 

\ 

CH 

HN— C— N 

It IS widely distributed in plants and has been found in leaves of the 
Tea plant (Thea sinensis), m the sap of the Beetroot {Beta) and in various 
seedlings 

Caffeine or theme is 1, 3, 7-trimethylxan thine 
CHj N— c-=o 

1 I 

0=c C— N-CHg 

\ 

CH 

CHg N— C — N 

It occurs m the leaves and beans of the Coffee plant {Goffea arabica), 
in leaves of the Tea plant {Thea sinensis), in leaves of Ilex 'paraguensis 
(“Paraguay Tea”), in the fruit of Paullmia Gupana and in Kola nuts 
(Cola acuminata) 

Expt 158 Preparation of caf dine fi'om tea'^ Digest 100 gms of tea with 500 c c 
of boiling water for a quarter of an hour. Then filter through thm cloth or fine 
muslin using a hot- water filter m order to keei) the liquid hot Wash the residue 
with a further 250 c c of boiling water Add to the filtrate a solution of basic load 
acetate until no more precipitate is formed. This removes proteins and tannins 
Filter hot and to the boiling filtrate add dilute sulphuric acid until the lead is pre- 
cipitated as sulj>hatG, Filter from the lead sulphate, and concentrate the solution, 
with the addition of animal charcoal, to 250-300 c c Filter and extract the filtrate 
three times with small quantities (50 c c.) of chloroform. Distil off the chloroform 
on a water-bath, and dissolve the residue in a small quantity of hot water On 
allowing the solution to evaporate very slowly, long silky needles of caffeine separate, 
which may have a slightly yellow tint, in which case they should be drained, ro- 
dissolvod m water, and boiled with the addition of animal charcoal The yield 
should be about 1*5 grn. 

Evaporate a little of the eafibine on a water-bath with bromine water A reddish- 
brown residue is left winch becomes purple when treated with ammonia 


1 From Ooiien, Practical Oigamc Chemistry 
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Theobromine is 3, 7-dimethylxanthine 

HN~C=0 

I I 

0=C C— N CHs 

\ 

CH 

CHs N— C — N 

It occurs in the fruit of the Cocoa plant {Tlieohroma Cacao), r 
leaves of the Tea plant {Thea sinensis) and m the Kola nut (Col 
acuminata). 

Guanine and hypoxanthme can be represented respectively n 
2-aminOj 6-oxypurine and 6-monoxypurine. 

HN— c==o 

I I 

HC C— NH 

\ 

i CH 

N — C— N 
Hypoxanthme 

They usually occur together and have been found in the germinatin 
seeds of the Sycamore (Acer pseudoplatanus), Pumpkin (Cticurhi 
Pepo), Common Vetch (Vicia sativa), Meadow Clover (Trifoliw 
pratense), yellow Lupm (Lupinus luteus) and Barley (Hordeum vulgare 
also in the juice of the Beet (Beta). 

Adenine is 6-aminopurine. It is rejiresented as 

N=c — NHg 

I I 

HC C— NH 

\ 

CH 

N— C— N 

It has been found in Beet (Beta), Tea leaves (Thea sinensis) and 
leaves of the Dutch Clover (Trifohum repens). 

Guanine, hypoxanthme and adenine are all obtained by the hydr 
lysis of plant nucleoproteins. 



hm— c==o 


HaN-— C C—^NH 

\ 

CH 

.C— N 
Guanine 
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Gentaurea, 144 

Cyamis, 98, lOO, 101, 102, 104 

Centiospennae, 150 
Ceiaam (see Cherry guin) 

Cerasits, 144 

Padiis, 145 

CJiaei ophylhm hijlvestie, 72 
Cheiimithus, 106 

Ghent, 96, 97, 99,100, 107, 

108 

Chenopodiaceae, 100, 150 
Ghenopodiinn, 136 

Vulvana, 155 

Gheuy, 45, 61, 03, 80, 102 

gum, 43, 45, 53 

Laurel, 145, 146 

Cheivil, 72 

Chicory, 58, 60, 136, 156 
Chittenden, 128, 140 
Chlorophyll, 13, 27 

a, 27, 29, 32 

b, 28, 29, 32 

allomerized, 36 

colloidal, 35, 37 

crystalline, 32 

Chloiophyllase, 33 
Chlorophylhdes, 33 
Ghlorophyllins, 29 
Chodat, 107, 108, 115 
Choline, 155 
Christmas Eose, 108 
Chiysanthemm, 102 
Gin ysanthemum, 101, 102 

102 

Ghrysm, 95 

Gichotium Intyhus, 58, 136, 156 
Cinchona, 162, 163 

Calisaya, 162 

Ledyej Lima, 162 

officinalis, 162 

succiiuhta, 162 

Cinchonine, 163 
Gitrus, 144 

Awi antinvi, 161 

Clark, 76, 78, 115 

Clover, 59, 60, 65. 74, 75, 137 

Dutch, 166 

Meadow, 166 

Glupanodomc acid, 80 
Coca, 161, 162 
Cocaine, 162 
Gochleai la, 109 

Aimorana, 149 

Cocoa, 81 

plant, 166 

Coconut, 53, 80, 83, 127, 135 

oil, 81 

Cocos, 81 

micifeia, 80, 127, 135 

Codeine, 164 
Co-enzyme, 21 

Goffea arabica, 59, 60, 81, 160, 105 
Oofteebean, 59, 00, 81, 160, 105 
Cola acuminata, 165, 166 


Cole, 9, 43, 122 
Collodion dialyser, 123 
Colloidal state, 4, 10 

piecipitation of, 15, 10 

Columbine, 98, 100, 146, 147 
Colza, 80 

oil, 81 

Combes, 105, 115 
Combretaceae, 150 
Compositae, 58, 81, 108, 145, 150 
Oonglutm, 126, 133 
Comferae, 53, 60, 136, 143, 151 
Comferm, 67, 88, 143, 161 
Conifers, 2, 28 

Ooniferyl alcohol, 88, 143, 151 

Oonnne, 159 

Gonium maculatum, 159 

Continuous phase, 11, 14 

Convolvulaceae, 145 

Goi chorus, 67 

Coik, 69 

Ooriiflowei, 98, 100, 101, 102, 101, 106 
Coiydalme, 164 
Goi'ydalis cava, 164 
Oorylm, 126 

Gorylus Avellana, 80, 126 

yar luhia, 100 

Cotton plant, 53, 65, 81 

seed, 127, 135, 156 

0x1, 81 

Cotyledon Uvtbiheus, 74 
Coumaim, 150 
Couitauld, 24, 25 
Cow Parsnip, 32 
Cow Pea, 126 
Cradem, 139 
Cianberry, 88, 102 
Orassulaceae, 108 
Ciataegus, 108 

Oxyacantha, 95, 96, 146, 155 

Giesol, 68, 113 

Orucilerae, 80, 108, 136, 145, 149 
Cucumber, 138, 139 
Cucumis Melo, 138 

sativm, 138 

Gucurhita, 136, 137 

maxima, 127 

Pe]po, 81, 166 

Cucui bitaceae, 81, IrlO 
Cuiaiine, 163 
Oui rants, 63 

Black, 146 

Bed, 146 

Cuskhygrme, 161 
Cutm, 65 

Onto- celluloses, 65, 69 
Oyamdm, 101, 102, 105, 1J4 
Oyanin, 102, 144 
Cynips, 91 
Cystine, 121, 123 
Oytase, 20 
Cytisine, 162 
Cytuus Labvinvm, 162 
Czapek, 9, 67, 68, 77 
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Dahlia, 58, 75, 102,113,136, 137,138,156, 160 
Dahlia vanalnksy 58, 102, 118, 188 
Daish, 55, 70, 71, 72, 75, 76, 77 
Dandelion, 58, 60, 95, lOH 
Date-palm, 59, 60 
Datuia^ 155 

Stminomvm, 161 

Daucus Gaiota^ 65, 188, 155, 156 
Davis, 42, 55, 70, 71, 72, 75, 76, 77, 78 
Dead Nettle, 108 
Deadly Nightshade, IGl 
Dean, 138, 140 

Delphmidm, 101, 102, 105, 114 
Delpbinin, 102, 144 
Delphimimi, 100, 144 

consohda, 97, 102 ' 

Dextrin, 41, 56, 67, 69, 70, 78 

tests for, 58 

Dhmim, 148, 148 
Dialysis, 10, 1.3 
Diastase, 20, 56, 57, 69, 73 
Digallio acid, 92 
Digitaligenin, 144 
Digitalm, 144 
Digitalis, 144 
Digitalose, 144 
Dipsacus, 113 
Disaccharides, 41, 61 
Dispersed phase, 11, 14 
Dobson, 71, 76, 78 
Dock, 95 

Dog’s Mercury, 113 

annual, 155 

perennial, 155 

Dunstan, 153 

Dyer’s Greenweed (Broom), 96 
Weld (Rocket), 94, 96 

Edestin, 125, 126, 128, 134 

of Barley, 131 

Elaeis giunensis, 80, 83 
Elaidic acid, 79 
Elder, 28, 68, 95, 137, 146 
Ellagic acid, 90 

Emulsin, 20, 88, 142, 146, 147, 153, 152 

Emulsions, 11, 12 

Emulsoids, 11 

Bnolio foim, 72 

EnKymea, 7, 17 

ciassilioation of, 19, 20 

hydiolysis by, B, 17 

synthesis by, 8, 19 

Eiepam, 20, 137 
Ergothioneine, 157 
Erica cinerea, 94 
Ericaceae, 88, 144, 151 
Eruoio acid, 79 
EovumLens, 124, 126, 138 

n. rr , .7 , 

Erythroxylaceae, 162 
E) i/throxijlon Coau, 161, 102 
Esbach’s solution, 124 
Essential oils, 2 


Ethylene seiiea, 82 
Eucalyptus, 91 
Euler, 24 
Enphoibia, 62 

’ 80,145 

, 115, 116 

Ewait, 115 
Excelsm, 126, 135 

Eaguh bijlvatica, 156 

var pmpiuea, 100 

Eats, 1, 79 

tests for, 81 

Fatty acids, 79 

synthesis of, 85 

Fehling’s test, 49 

^ 160 

' I sol, 12 

Fibiin, 139 

carmine, 140 

Fichtenholz, 151, 153 

Ficus, 139 

Fig, 139 

Fischer, 92, 115 

Fisetin, 97, 105 

Flavone pigments, 87, 93, 104 

Flavonol pigmentsr87, 93, 104 

Flax, 02, 67, 80, 126, 127, 147, 148 

Flowering Currant, 98 

Foiget-mo-not, 108 

Formaldehyde, 26, 27, 36, 88 

Fiaxetm, 144 

Fiaxin, 144 

Fraximts, 144 

eacelswi, 81 

TP 1 

» , 59, 69 

Fructose (see Laevulose) 

Fumariaceae, 164 
Fungi, 20, 113, 155, 157 
Fitnlia 8inensi<t, 74 
Fmlural, 44, 67 
phloroglucide, 55, 64 

OaiUardia, 101 

Galaotans, 41, 49, 60, 61, 69 

Galactoaraban, 60, 69 

Galactomannan, 59, 60, 69 

Galactose, 41, 47, 49, 50, 60, 61, 62, 63, 144 

Galactoxylan, 60, 69 

Qalanthus, 56 

— - nmtlis, 70, 95 

Galeopsis, 33 

Xetrahit, 32 

Gallic acid, 89, 90 
Gall-nuts, 89 
Gallotanmo acid, 92 
Galls, 91 

Oak, 92 

Garden Cress, 80 
Gaultheria, 144 
Gaultherm, 144 

Gelatine, 13 * 

Gels, 13, 68 
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Genihta tinctoria, 96 

Gliadin, 118, 127, 130 

Globulins, 118, 124 

Glucomaunanb, 59, 69 

Glucose, 41, 46, 46, 56, 62, 70, 73, 142 

a and |3, 48 

tests for, 48 

Glncosides, 48, 72, 87, 91, 142 

a and 48, 143 

coumarm, 150 

(jyanophoiic, 145 

mustard-oil, 149 

Glucotropaeohn, 144 
Glutamine, 136 
Glutaminic acid, 120, 136 
Glntehns, 118, 127, 130 
Gluten, 131 
Glutenin, 130 
Glycei la aquatica, 146 
Glyceiol, 79, 82, 83 
Glycine, 120, 156 
Glycine hispida, 126 
Glycmin, 120 
Glycogen, 21 
Glycogenase, 21, 21 
Glyoxylic leaction, 122 
Gold sol, 12, 16 
Goodeinaeeae, 58 

GooseLerr}, 63, 65, 14() # 

Gooseioot, 136 

Stinking, 155 

Gosney, 86 

Gossypnm, 53,81, 144 

herhaceum, 66, 81, 127, 135, 156 

Goutweed, 95 
Giaham, 13 

Giaininaceae, 80, 130, 145, 150 
Grape, 102 

sLigai (see Glucose) 

Gieat Millet, 148 
Gieengage, 112 
Grealioft, 145, 153 
Guaiaeol, 08 
Gnaiaconic acid, 107 
Guaiacum gum, 107 
Guaiacum officinale^ 107 

sanctimi 107 

Guanine, 166 
Guignard, 149, 153 
Gulose, 46 

Gum Arabic, 12, 43, 53, 61 
Gum Tragacantb, 61 
Gums, 41, 49, 60 
Gun-cotton, 66 
Guttiferae, 160 

Haas, 9 

Harden, 22, 23, 24, 26 
Harris, 134, 141 
HatscKek, 16 

Hawthorn, 95, 96, 108, 146, 156 
Haynes, 63, 78 
Hazel, 80 
-nut, 126 


Hazel, red-leaved, lOO 
Hedge Woundwort, 32 
Hehamhus^ 60, 75, 136 

annuus, 65, 74, 81, 127, 1^5, 

156 

tubeiosiis, 58, 59, 74, 136, 150 

Hellehoius mgei, 108 
Kernel otalhb fulva, 74 
Hemi-cellulose, 60, 69 
Hemlock, 159 

Hemp, 67, 80, 125, 126, 156, 100 

seed, 134, 139 

Hemp nettle, 32 
Henbane, 166, 162 
Henry, 24, 26, 163, 167 
Hei acleuin^ 33 

Sphondylium^ 32 

Hespeiidin, 144 
Hespeiitm, 144 
Hexoses, 41, 46 
Hill, 9 

Histidine, 121, 137 

tnmetliy], 157 

Hollyhock, 62, 102 
Hop, 74 
Hopkins, 122 
Hoidem, 127, 131 
Hoidenine, 156 

lloideum vulgare, 57, 74, 113, 124, 127, 131, 
166 

Horse Chestnut, 92, 93, 112, 130, 160 

Hoise-radish, 109, 110, 149 

Horsfall, 96, 116 

Horton, 145, 153 

Hummel, 96, 97, 116 

Humidub Lupulus, 74 

Hyacinth, 138, 139 

Hyacinthus, 55, 58 

onentahh, 138 

Hydiastme, 164 
Mydi astis canadensis, X 04 
Jlydrochaiib Morsus-ranae, 74 
Hydroquinone, 87, 88, 144, 151 
Hygrine, 161 

Hyvienophyllum demismni, 74 
Hyoseyamme, 162 
llifoseijaimts nmticus, 155, 102 

tiHjer, 102 

llypaphorme, 157 
Hypoxanthine, 166 

Idaein, 102 
Idose, 46 

Ilex par aguensis, 165 
Iminazole, 169, 164 
Indioan, 115, 144, 162 
Indigo, 118, 115, 162 

plants, 162 

Indigofeia, 113, 144 

Ami, 162 

erecta, 152 

simatiana, 162 

tmctoria, 162 


Indol, 68 
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Indoxyl, 115, 144, 162 
Inulase, 20, 58 
Inulin, 41, 50, 68 

tests for, 69 

Invertase, 20, 21, 24, 50, 76 
Invert sugar, 50 
Ins, 66, 58 
Iivme, 71, 76, 78 
Isatis tinctona, 113, 152 
Isochlorophyllms, 30 
Isoleucme, 120, 136 
Isolinolenic acid, 80 
Iso-oleie acid, 79 
Isoquercitiin, 144 
Isoqumolme, 159 
Isothiocyanate, acrinyl, 144 

allyl, 144, 149 

benzyl, 144 

p-hydroxybenzyl, 149 

Jacohimciy 113 
Japanese lacquer, 113 
JasmimiTrif 143 * 

Jerusalem Artichoke, 58 
Joigensen, 27, 36, 40 
Juglandaceae, 80 
Juglans cinerea, 126 

nig^ai 126 

regia^ 80, 92, 126 

Juglansm, 126 
Jute, 67 

Kaempferol, 97, 105, 144 
Kastle, 76, 78 
Keeble, 115 
Keracyamn, 302 
Kidd, 27, 36, 40 

Kidney Bean, 60, 124, 126, 133, 134, 136, 
160 

Kishida, 93, 116 
Kola nut, 165, 166 

Labiatae, 108 
Laburnum, 162 
Laccases, 112 
7 -Lacton 6 , 47 
Laevulose, 41, 60, 58, 70 

tests for, 51 

Lamiurn album, 108 
Laich, 92 
Laiix europaea, 92 
Larkspur, 97, 100, 102 
Latex, 11 

Latlmus odoiaius, 74 

. - - 74 

I I I I 

Laurie acid, 79, 80 
Laurocerasm (see Prulaurasin) 

Leathes, 86 

Leoythidaceae, 81, 83, 150 
Legumelm, 124, 134 
Legumin, 125, 126, 133 
Legummosae, 59, 74, 125, 133, 145, 150, 
157, 162 


Lemon, 2 

Lentil, 124, 126, 133, 134 
Lepidium, 144 

sativum, 80 

Leucine, 120, 136 
Leucosin, 23, 124, 130 
Ligmn, 65, 67, 68 
Ligno-celluloses, 65, 67 
Lignon (see Ligmn) 

Ligustium, 143 
Lilac, 65, 95 
Lihaoeae, 150 
LiUmn bulbifei urn, 60 

candidum, 60, 95 

Martagon, 60 

Lily, 60 

White, 95 

Lima-bean, 126 
Limonene, 2 
Linaceae, 80, 145 
Linamarin, 143, 148 
Ling, 94, 96 
Lmolenio acid, 80 
Lmolic acid, 80 
Linseed, 62, 81, 125, 135 
Linum\ 62, 143, 148 
peienne, 147 

usitatissivmm, 67, 80, 81, 125, 127, 

135 

Lipase, 20, 84 
Lobeliaceae, 58 
Logamaceae, 150 
Lotase, 148 
Lotoflavin, 144, 148 
Lotus, 144 

arabious, 148 

corniQulatus, 74, 146, 147 

uhginosus, 146 

Lotusm, 144, 148 
Lubrzynska, 86 
Lucerne, 65 

Lupin, 60, 126, 133, 136, 138, 139, 156, 162, 
166 

Lupinme, 162 

Lupinus, 60, 74, 126, 136, 137 

allms, 137 

hiisutus, 138 

luteus, 183, 137, 162, 166 

niger, 162 

Luteolin, 96, 105 
Lyciuvi harbarum, 156 
Lycopersicim esculentiim, 138 
Lysme, 121, 137 
Lyxose, 43 

Mackenzie, 77 

Magnoliaoeae, 150 

Maize, 80, 126, 127, 132, 138, 139 

cobs, 53 

Mallison, 116, 117 
Mallow, 102 
Malt, 76 

Maltase, 19, 20, 21, 22, 41, 76 
Maltose, 19, 61, 56, 57, 69, 70, 73, 75 
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Maltose, tests foi, 52 
Malva^ 144 \ 

sylvestnSi 102 

Malvaceae, 81 
Malvidm, 102, 144 
Malvin, 102, 144 

Mandelonitnle glucoside (see Prunasm) 

Mandragora, 162 

Mandrake, 162 

Mangold, 70, 71, 72, 75 

Mangrove, 91 

Mannans, 41, 50, 69, 69 

Mannocelluloses, 59 

Mannose, 41, 46, 60, 59, 62, 144 

Martin, 117 

Matthiola, 95, 108 

Maxwell, 60, 78 

Maysm, 126 

Meadow-Eue, 146 

-Sage, 156 

-Sweet, 88, 152 

Medicago sativa, 65 
Mekocyanm, 102 
Melon, 138, 139 
Mendel, 128, 140 
Menispermaceae, 164 
Menthol, 2 
Mercerised cotton, 66 
Mercunalis annua, 113, 155 

perenms, 113, 155 

Metapioteins, 118, 127 

reactions of, 128 

Methylamme, 155 
Methylene blue, 23 
Methyl salicylate, 144 
Mieg, 117 
Mignonette, 96 
Milk, 11 
Miller, 86 

Millon’s reaction, 122 
Miranda, 146, 153 
Mistletoe, 62 
Molisch’s leaction, 123 
Monocotyledons, 55, 58, 70 
Monosaccharides, 41, 42 
Moore, 115 
Moore’s test, 48 
Moraceae, 80 
Moiphme, 164 
Morris, 70, 73, 74, 77 
Mountain Ash, 145, 155 
Mncic acid, 49, 50, 62, 63 
Mucilages, 41, 49, 50, 60, 62, 65 
3Iusa sapientum, 138 
Muscan, 58 

Mustard, Black, 80, 149 

White, 80, 127, 149 

seed, 135, 138 

Mtjosotis, 108 
Myrica, 144 
Myncetin, 97, 105, 144 
Myricitrin, 144 
Myristio acid, 79, 80 
Myrosin, 20, 142, 149 


Myrtaceae, 145, 150 
Myrtilhdm, 102, 103 
Myrtiilin, 102 

Nagai, 93, 116 

a-Naphthol tests, 44, 68, 109 
Naiceme, 164 
Naicissus, 95, 96, 106 

incompai abilis, 96 

poeticus-, 95 

Tazetta, 96 

Nareotine, 164 
Narigenin, 144 
Narmgin, 144 

Nasturtium, 55,f60, 75, 101, 138 

Garden, 70, 72, 136 

Nepenthes, 139 
Nettle, 28 
Neville, 62, 78 
Newbury, 116 
Nicotiana, 155 

Tahacum, 156^ 159 

Nicotine, 169, 160 
Nolan, 117 
Noriis, 23, 25 
Nucleic acid, 127 
Nucleoproteins, 118, 127, 166 
Nux Vomica, 163 

Oak, 91, 93, 96 

wood, 67, 92 

Oat, 125, 126, 156, 160 
Oenidin, 102, 103, 144 
Oenin, 102, 144 
Oil Palm, 80 
Olea emopaea, 81 
Oleaeeae, 81, 145, 150 
Oleic acid, 79, 80 
Olive, 81 

oil, 81 

Omon, 59, 96, 97, 108 
Onslow, 110, 111, 115 
Opium, 164 

Poppy, 80, 164 

Oiache, 100 
Orange Tree, 161 
Orchid, 89, 113, 152 
Oichidaceae, 60 
Oiclm Moi 10 , 62 
Oicmol, 68 

test for pentoses, 44 

Oimerod, 86 
0) 7jza sativa, 127 
Osazones, 49 

Osborne, 130, 131, 132, 134, 135, 140 
Osmic acid, 81 
Ostwald, 13 

Oxidases, 107, 108, 151, 152 
Oxidizing enzymes, 8, 107 
Oxybenzoic acid, 144 
Oxyprolme, 157 

Paeoma, 60, 85, 144 
officinalis, 93, 99, 102, 103 
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Paeony, 60, 93, 99, 102, 103 
Palladin, 9, 114, 115 
Palm, 69, 60 

oil, 81 

Palmaceae, 80 
Palmitic acid, 79, 80 
Pansy, 96, 102 
Papain, 139 
Papaver orientale^ 113 

jRhoeas, 102 

bommfefxmy 80, 164 

Papavcraceae, 80, 167, 164 
Papaverine, 164 
Papaw Tiee, 139 
Parkin, 60, 70, 78 
Paisley, 95 
Passifloraceae, 145 
Faulhma Cupana^ 165 
Pea, 57, 60, 72, 74, 75, 108, 122, 124, 
125, 126, 133, 134, 136, 138, 139, 166, 
160 

Peach, 80, 126, 145 
Pea-nut, 127 

Pear, 107, 110, 111, 112, lol 
Pectase, 20, 65 
Peotic substances, 41, 63, 69 
Pectin, 63, 64 
Pectinase, 20 
Pectinogen, 63, 64 
Pectocelluloses, 65, 69 
Pelargonidm, 101, 102, 105, 144 
Pelaigomn, 102, 103, 144 
Felargonium^ 144 

zonale, 93, 102, 103, 138 

Pelletierme, 162 

Pentosans, 42, 53, 54, 55, 61, 67, 69, 70 

Pentoses, 41, 42, 54, 56, 63, 64, 70 

Peonidin, 102, 344 

Peomn, 102, 144 

Pepper, 160 

Peppermint, 2 

Pepsin, 20, 128, 137 

Peptones, 118, 119, 128, 129, 137 

Perkin, 95, 96, 97, 115, 116 

Peroxidase, 20, 21, 22, 107, 108, 109 

inhibitor, 23 

Peroxides, 108 
Petunia violacea, 102 
Petunidm, 102 
Petunin, 102 
Phaeophoibides, 34 
Phaeophytm, 31, 37, 38 
PhajuSf 113, 162 
Phaselin, 124, 134 
Phaseolin, 126, 133 
Phaseolunatm, 148 
Phaseolus, 60, 136, 143 

lunatus, 126, 148 

multiJioruSf 74, 138, 189 

radiatus, 126 

vuJgai IS, 124, 126, 133, 134, 137, 

160 

Phenol, 68 
Phenols, 87 


Phenylalanine, 121, 122, 137 
p-Phenylenediamine (test for pei oxidase}, 
109 

Philip, 16 
Phipps, 97, 116 
Phloretm, 144 
Phloridzm, 144 
Phloioglucm, 7, 68, 88 

(test foi pentoses), 44 

Phlox, 95 
Phoenix, 60 
Phosphatides, 155 
Phosphotungstic acid, 124, 168 
Phyllms, 30 

Phytelephas viacroeaipa, 60 
Phytochlorins, 31 
Phytol, 30, 33, 38 
Phytolacca, 100 
Phytolaocaceae, 100 
Phytoihodins, 31 
Picea excelsa, 136 
Piciamio aoid, 146 
Pme-apple, 139 
Pinene, 2 
Pink, 95 

Pinus sylvestrxiy, 136 
Piyei mgium, 160 
Pipeiaceae, 150 
Pipeiidine, 161 
Piperine, 160 
Pisum, 60, 122, 136, 137 

sativum, 57, 72, 74, 75, 108, 124, 

126, 133, 134, 138, 139, 156, 160 
Pitcher-plant, 139 
Pittosporaceae, 150 
Plantago, 144 

lanceolata, 95 

Plastid pigments, 39, 101 
Plimmei, 9 

Plum, 61, 80, 107, 126, 145 
Polarization, 47 
Polemoniaeeae, 160 
Polygalaceae, 160 
Polygonum, 144 

tinctonum, 162 

Polypeptides, 118 
Polysaccharides, 41, 53 
Pomegranate Tree, 162 
Poplar, 95, 152 
Poppy, 102 
Populm, 143 
l^opulus, 74, 95, 143, 162 
Porphyrins, 32 
Portulaca, 100 
Poitulacaceae, 100 
Potassium hydrogen sulphate, 144 
Potato, 70, 75, 110, 111, 112, 113, 114, 126, 
136, 137, 166, 160 
Priestley, 36, 40 
Pnmulaceae, 160 
Prolarams, 118, 127, 130 
Prohne, 121, 137, 167 
Proteaceae, 160 
Proteases, 23, 137 
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Proteins, 2, 12, 16, 118 

crystalline, 125, 127, 134 

of ceieals, 130 

ot fat-contaimng seeds, 134 

of Legummosae, 133 

tests for, 122 

Pioteoses, 118, 128 
Piotocateclmic acid, 89, 90, 110 
Piotoplasm, 4, 8 
Piulaiiiasm, 144, 146 
Prunase, 146 
Piunasm, 144, 146 
Prunus, 97, 143, 144, 145 

Amygdalus, 61, 80, 126, 145 

Armemaca, 126 

Gei asus, 45, 61, 80, 102 

domeiyUca, 61, 80, 126, 145 

LauioceiasuSf 146, 146 

PaduSi 45, 61 

Peistca, 80, 126, 145 

Prussic acid, 24, 143, 144, 145 
PumccL Gianatuvi, 162 
Punicaceae, 162 
Pumpkin, 81, 166 
Puime, 159, 164 

bases, 127, 154, 164 

Purpurogallin, 110 
Putreacme, 155 
Pyridine, 159 
Pyiimidine, 159, 164 
Pyrogallol, 68, 109, 110 
Pyrolaj 151 
Pyrrole, 159, 161 
Pynolidme, 166, 161 
Pyrus, 143 

Aucu^ana^ 145, 155 

communis, 151 

Mains, 145 

Pyruvic acid, 86 

Quercetin, 96, 105, 106, 144 
Quercitrin, 144 
Quercus, 91, 96, 144 

Bobur, 93 

Quinine, 158, 162 
Quinoline, 159, 162 

Badish, 127 
Baffinose, 41 

Banunculaceae, 145, 150, 157, 164 
Banunculus acris, 108 

aquatihs, 136 

Bape, 80, 127 
Bajphanus sativus, 127 
Easpbeiry, 65 
Bed Seaweeds, 49 
Beductase, 20, 21, 23 
Beed Poa, 146 
Beeves, 141 
Beseda luteola, 94, 96 
Beserve celluloses, 65 

materials, 9, 55, 58, 71, 80, 118 

Besorcmol, 68, 87 
Bespiration, 5, 71, 114 


Kespiration pigments, 114 
Bevel sible leactions, 18 
Beynolds Green, 84, 86 
Bhamnaceae, 145, 150 
Bliamnose, 96, 144 
Bhamnus, 96 

Frangula, 146 

Bhizophora, 91 
Bbodopbyceae, 13, 49 
Bhubaib, 63 
Bhiis, 91, 97 

Goj lai la, 92 

Gotinus, 93 

vermcifei a, 113 

Bibes Grossulai la, 146 

nigrum, 146 

lubrum, 146 

sanc/uineum, 93 

Bibose, 43 

Bibwoit Plantain, 95 
Bice, 127 
Bicin, 124, 135 
Bicinoleic acid, 80 
Bicinus, 81, 83, 85, 136 

communis, 80, 84, 124, 125, 127, 

135, 139 

Bobertson, 71, 76, 78 
Bohima, 144 
Bobinin, 144 
Bosa, 144 

gallica, 102, 104 

Bosaceae, 61, 80, 144, 145, 150 
Bose, 93, 99 
Bosemary, 2 

Bubiaceae, 60, 81, 113, 145, 157, 162 
Bumex obtusifolius, 95 
Buscus, 59 

Bnssula nigi icans, 113 
Buta, 144 

Butaceae, 145, 150, 164 

Butin, 144 

Bye, 124, 127, 132 

Baccliai omyces, 20 
St Ignatius’ Bean, 163 
Salicin, 48, 88, 143, 148, 162 
Salicylic acid, 89 

alcohol, 48, 88, 148, 152 

aldehyde, 88 

Saligenin, 88, 143, 148, 152 
Sahx, 88, 143, 152 
Salkowski, 53, 78 
Salvia pratens is, 156 
Sambucus, 137, 144 

nigta, 68, 95, 146 

Sambumgrm, 144, 146 
Saponaria, 150 
Saponification, 82 
Sapomna, 11, 160 
Sawdust, 45, 54 

Sawyer, 42, 55, 70, 71, 72, 76, 77 
Saxifragaceae, 145, 150 
Scarlet Geianium, 93, 102, 103, 138 
Bunnei, 138, 139 
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Schenckia hhmenavimia, 113 
Sohiyvei, 38, 39, 40, 63, 78 
Schulze, 60, 78 
Bchweizei’s leagent, 66 
Snlla, 58, 62, 70 
Scopolia japomca, 161 
^coizoneni^ 143 

hispanica^ 156, 160 

Scotch Fir, 136 

Hooale (.eieale^ 124, 127, 132 

Seliwanoff fl test, 51 

Senne, 120 

Shibata, 93, 116 

Bihcic acid, 13 

Silvci Fii, 136 

Silver Hol, 12, 16 

Sinalbm, 144, 149 

Sinapm acid sulphate, 144, 149 

}:iinapis iilha^ 80, 119 

ntgra^ 80 

Smigrin, 142, 144, 149 
Skatol, 68 
Smedlcy, 86 
Bnapdiagoii, 95, 96, 99 
Suowdiop, 55, 70, 95 
Soap, 11, 12, 10, 82, 83 

tests loi, 83 

woit, 150 

Sodium piciate test, 146 
Solanaceac, 167, 161 
75 

70, 113, 126 

Soujhtim, 143 

148 

Soy-bean, 126, 156 

Spanish (Sweet) Chestnut, 91, 92, 93, 126 

Bpaiteino, 162 

HpaiUum scopanimi^ 162 

Spatzier, 149, 153 

Spinach, 138 

ySpmacttif 138 

l^pmtiHi^ 144 

Vlmaria^ HH, 152 

Spuu'c Fir, 136 
Httuash, 127 
Htaehyduiie, 357, 161 
StuehijH Bijlratmt, 32 

tuhv7(f(na^ 160, 163 
Htareh, 32, 36, 65, (>9 
Hoiublts 5()) 7 t 
tests foi, 56 
Hti'auo acid, 79 
Steiger, 60, 7H 
HtemiiHaceae, HI 
SttneoiHinncriHin) 43, 16, 143 
Htiles, 27, iO 
BtocU, 95, lOH 
Btoll, 27, 10, 110, 117 
Htiaw, 45, 53, 51, 68 
Strawberiy, 63, 65 
Btrophantludiu, 144 
Htrophanthiii, 144 
yStrophanthUBj 14^1, 156 

htHpuimi 100 


Strychnine, 163 
Stufchnos Ignatii^ 163 

Nux-vomica, 103 

toxifeod) 163 

Substrate, 18 
Sucrose, 41, 62, 70, 76 

tests tor, 52 

Sulphiu reaction (for proteins), 123 
Sumac, 91, 92, 97 

Sunllower, 55. 75, 81, 127, 135, 136, 156 

Suspensions, 11, 12 

Suspensoids, 11 

Sweet Flag, 155 

Sycamoie, 166 

Syntiiesis by condensation, 3 

ot aromatics, 6 

of carbohydrates, 5, 26 

of fatb, 6, 85 

ot proteins, 6, 119 

Si/nuga, 143 

' viilgariSi 65, 74, 95 

Syimgenin, 143 
Synngiu, 143 

Talose, 47 

Tanmc acid, 75, 92, 123, 158 
Tanmn, 73, 74, 89, 90, 111 

reactions ol, 91 

TaiaxacuiUf 60 

qpcmcile^ 58, 95, 108 

Tautomerism, 48 
Taylor, 16 
Tea, 89, 92, 165 

plant, 165, 166 

Teasel, 113 
Tei pones, 2 

Thahctnm aqmlegifoliuvh 146 
Thea, 344 

BinensiSf 16e5, 166 

Thebame, 164 
Theme (see Caffeine) 

Theohroma Cacao, 81, 166 
Theobromine, 166 
Thorn Ajiple, 155, 161 
Thyme, 2 

'L’hymelaeaccao, 150 
Thymol, 68 
Tigho acid, 79 
Tiliaceae, 14 o 
Tobacco, 155, 156, 159 
Tomato, 138 
Tragaoanth, 61 
Trier, 167 
Tnfolixm, 59, 137 

- - oohioUucum, 74 

praUme, 05, 74, 75, 166 

repens, 166 

Tngofiella l^'oenum-graecimi, 156, 160 
Trigonelline, 157, 160 
Tnmothylammc, 155 
TriaacohandoB, 41 
Tristcanu, 82 
TnUcutn, 113 

vidgare, 124, 127, 130, 130 
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Trommel’s test, 49 
Tiopacocame, 162 
Trojpaeolum, 60, 75, 136, 137, 144 

majus, 55, 70, 72, 74, 101, 

Ido 

Tiopane, 159, 161 
Tiypsin, 139 

Tryptophane, 23, 121, 122, 137, 138 

tumethyl, 157 

Tubeiin, 126 
Tuhp, 138, 139 
Tuhpa, 138 

Tmmp, 63, 65, 75, 136, 137, 138 
Tyiosinase, 113, 114 
Tyiosme, 113, 121, 122, 137 

XJltiamicioscope, 14 
TJmbellifeiae, 60, 108 
Uitica, 28 
Uiticaceae, 145 
Usher, 36, 40 

Vaccinium, 151 

Mijitillm, 102 

Vitis-Idaea, 88, 102 

Yalme, 120, 136 
Yau Ei]n, 153 
Vamlla plamfolia^ 89 
Yanillin, 67, 89 
Yegetable ivoiy, 60 

manow, 136 

Yernon, 24 

Vetch, 124, 126, 133, 134, 136, 148 

common, 146, 166 

haiiy, 146 

Vicia, 136, 137, 144 

august oka, 148 

Faba, 124, 126, 133, 138, 139, 156 

hirsuta, 74, 146 

sativa, 74, 124, 126, 133, 136, 137, 
146, 166 

Yieiamn, 144, 148 
Yicianose, 144, 148 
Yicxlm, 126, 133 
Vigna sinensis, 126 
Yignm, 126 
Yine, 70 

Ymes, 138, 139, 141 
Viola, 108 

odorata, 55, 95, 99 


Viola tncolor, 96, 102 
Yiolaceae, 58 
Yiolanm, 102 
Yiolet, 55, 95, 99, 108 
Yirginian Oieeper, 102 
Viscuvi album, 62 
Vttis, 144 

vinifeia, 70, 102 

Yoorhees, 130, 141 

Waage, 88, 116 

Wallflower, 96, 97, 99, 100, 101, 107, 108 
Walnut, 53, 80, 92, 126 

American, 126 

Walthei, 113, 116 
Water Banunculus, 136 
Wax, 69 
Weil, 117 

Wheat, 56, 113, 124, 127, 130, 139, 156 

Wheldale, 94, 95, 96, 98, 104, 115, 116 

Whitley, 115 

Wig Tiee, 93 

Wilkmson, 97, 116 

Willow, 48, 88, 152 

Willatattei, 27, 40, 98, 101, 102, 106, 110, 
116, 117 > > , 

Wine, 89 

Wmterstem, 153, 167 
Woad, 113, 152 
Wohlgemuth, 24 
Wood G-um, 53 

Xanthine, 165 
Xanthone, 87 

Xanthophyll, 27, 28, 29, 39 

Xanthoproteic reaction, 122 

Xylan, 45, 63, 54, 55, 60, 67 

Xylonic acid, 45, 54 

Xylose, 41, 43, 46, 53, 54, 60, 61, 62, 63 

Yeast, 20 

Zea Mays, 80, 126, 127, 132, 138 
Zechmeister, 102, 117 
2em^,127, 132 
Zilva, 22, 23, 24, 25 
Zollinger, 117 
Zymase, 20, 21, 22 
Zymm, 21, 22 
Zymogen, 84 
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